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(54) Title: FLAVANOID 3',5'HYDROXYLASE GENE SEQUENCES AND USES THEREFOR 

(57) Abstract: The present invention relates generally to a genetic sequence encoding a polypeptide having flavonoid 3 * , 5' -hydrox- 
ylase (F3'5'H) activity and to the use of the genetic sequence and/or its conesponding polypeptide thereof inter alia to manipulate 
color in flowers or parts thereof or in other plant tissue. More particularly, the F3'5'H has the ability to modulate dihydrokaempferol 
(DHK) metabolism as well as the metahoHsm of other substrates such as dihydroqueroetm (DHQ), naiingenin and eriodictyoL Even 
more particularly, the present invention provides a genetic sequence encodmg a polypeptide having F3'5*H activity when expressed 
in rose or gerbeia or botanically related plants. The instant invention further relates to antisense and sense molecules or RNAi-in- 
ducing molecnles corresponding to all or part of the subject genetic sequence or a transcript thereof. The present invention further 
lelates to promoters which operate efi5ciently in plants such as rose, gerbera ox botanically related plants. 
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The fkmar or cnAanuootel plant indu^tacy strives to develop now mA differ^ varieties of 
flowers and/or plants. An rf&ctive way to create such novel vaiietiw is through the 
manipulatioa of flower color. Classical breeding technicpies hatve been vised wth some 
succdss to produce a wide rsca^& of colors for dtno^ all of tho commeroial varieties of 

5 fJow^s and/or pJmts istv^lablo today. This ^roach has been limited, however, by tih© 
constr^int;» of a particular spodcs* gme pool and fixr this reason it Is ram fyr a single 
species to haw the fidl qtectrum of colored v^efiea.. For example, tha dwelopment of 
novel colored variedcs of pladtta or plant parts such f!owenB» fbliage and stems would 
oiEbr a aigaificant cppottodity in both the out flower and ornamental markote«.hi the flower 

10 or ornamental plant industry, tho dovelopmmt of novel oolored vadedes of major 
fiowerxng specSes such as rose, chrjnsandienium, tulips lily, eamation, gerbera, orchid, 
lisiaofiiua, begpaiia, toicnia, gemEuum* petunia, oidrembo^a, pcla rflo nin m, iris, fixxpatiens 
and cy61ami$n would be of greatt interest* A more apecific example would be tihe 
development of a blue rose or gerbera for the cut flower maifcet 

IS 

la addition, Ihe development of novel colored varieties of plant parts such as vegetablefi, 
€hnts and seeds would offer dgiuiicaht cqipoitanities in agriculture. For eacainple, noyte^l 
ooloiBd seeds would be usefiil a& proprietary tags fbdr plmts. Furthermore modifications to 
flavouoids cooamon to berries or fiuita including ffspoa and apples and Hbsir juices^ 
20 tauslnding wine have flie potential to intpart altered style characteristics of vahie to such 
fimt and byproduct industries. 

Flower color is predominanfly. due to three types of pi^nenl: ilavonoids, caxotanoids and 
bf^dns. Of the throe, fte flsvonoida afc fiic most common and conJtribute a ranige of 

25 colors fiom yellow to red to bluo^ The flavonoid molecules that make tiie major 
contributidn to flower color are ttie anthocyanins, which are glycosylated derivatives of 
cyanidin and its methylated dcrivatLve peonidin, delphinidin or delphinidin-based 
molecules and ita methylated dertvatives petonidin and malvidin and pelargoniduL 
Anthocyanina are localised in the vacuole of the epidermal cells of petals or the vacuole of 

30 the sub epidemial cdb of leavea. 
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Ftoto spp^ X^kmthvs spp^ Gen^na spp.^ Solfya spp,^ Sahia Sjrp^ CHioria &pp., Kkm^dia 
spp.^ Can^amda spp„ Lavanduh spp^ Yerbma spp^ Tormia 9pp.^ Delphinium 9pp^ 
Solamm w, Cmernria spp.,. YUis spp^ Babtana strlcia^ Ptnus spp., Plcea spp.^ Lartc 
spR,^ Phaseolus spp.^ Vavcinium spp^, Qydlamen spp., Ms spp.^ P&Iargomum sp^ 

5 Liparieae, Geranium spp,, Pistm spp^ Lathyrus spp,^ CaShcfrmihus spp.^ Mahda spp.^ 
ISiCuna spp., Vitia spp., Satmpaulla spp.^ Lag&rstro&mia spp.^ houchina spp.^ Plumbago 
spp,^ HypacalypUis spp,» Jthoaodendrm spj?,* Lintm ^pp.^ Macroptilbm spp,^ H&bats 
spp.s Hydrcmgea spp,^ Qmhimmi ^pp-. MUleitia spp.^ Hetfyaanm spp.^ Lespedeza spp.^ 
Asparagus spp. Am^Hcn spp.^ Pisunt spp.^ Freesta ^p^, BruneUa &pp.f Ckxritia jgcjp.^ 

10 etc*), ccwitribute to poxplo and blue flower color. Many plant apecies such as fosea^ 
gjeiberas, chcysanlhiemums and camatioiis, do not produce de lpMnMin- lwed pigaaatiis 
becmiBe tfisy lack aBS'S'H activily. 

The ii«t step in th© pathway, leading to thp prodaotion of the colored anfhocyamns fifi&m 
15 the dihydroflavoTXOte (JOHK, DHQ, DHM), involves dihytoflavcmol-4-roductas© (DPR) 
leddi]Qg to the prodoctioii of the leucoanthocyantdiiofl. Tho leticoanthooyanidhss axo 
^bseqi^ently converted to the attthocyartidh^ pelfigcgomdixi, oyanidin and de^irddai or 
deiphinidin-based motecid^. These fUvonoid molecules arc nnstabld under nomxal 
phyaological conditions and glyco$ytetion at the S-position, throia^ the actfon of 
20 glycosyltranaferaa&s, sttfbiKsies toe anawoyanidin molecole thus allowng acournidaticm of 
&e antfaooyanins. In general^ the glyoo^tttansfcorases liaas&r the sugjar nuDcieties ftom 
tXbP augaca to the fl&vonoid moteoules and abow hi^ 6peea|!cifi«S iKr the poaitim of 
glycosylatton and relatively ixm apecificitie^ fi>r tho acceptor substrates (Sette and 
ISuQidem; Antihooyanuis- Inz Celt Ctdture and Sematfe COI GeiteOcst Plants. Constabel, 
25 F* and Vesil LK. (eds.). Academic Press, New Yoik, USA, 5: 49-76, 1988^ AndiocyamnB 
can occur as 3-manofiides, 3-bio»ides and S-triosidea aa well as 3, S-difi^oaides and 3» 7- 
dislycoaideB assodated^vrith the sugaxs glucose, galactose, rhamnose, anibinose and xylose 
(Strack and Wtay* In; The Fiavonolds - AdMoic&s in Research siitce 1986. Haxborne, J.B, 
. (od}»Ch«qpntian and Hallp London,^ 

30 
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DangleBy Iq: Thit FJdvoncitib -Advancaif in JlescmA sbwe 2PS6. Harbonu^ J£. (dd^ 
Caiapotian and Hsfll, londim, JJSi^ 1-22, 1993X 

Hie abili^ to contzol F3'5*H activity; or ofhar ethzymes mvalved m the flavonoid pai^iway» 
5 in flowering plants would provide a tsiosm of manipulating the color of plant partg such a& 
petals^ fiint, leaves^ sepals^ seods etc Dif&rmt colored versions of a single oultivar coold 
tboroby be gcoiesmted and in soma inatanee^ a dingte ^eciea would be able to produce a 
. bioadcr Bpectrom of colors. 

10 Two mxeleoiid& ^esq^uenoes (rdEbsrod to heirmi a« SBQ ID KO:I and SBQ ID NO:3) 
ODOoding petunia F3*S*Hb have bam cloned (see Ihtenmtional Patent Applicatton No. 
PCT/AU92/00334 wA Holion et al.^ Nature 366: 276-279, I993a>. These sequences weie 
eiSLdent in modnlsting Z\ ? I^draxylation of flavonoids in petunia (see Intcrnatioi^ 
Patent Af^ficaiion No. PCt/AU92A)0334 incoiporated heti^ by reSarance mi Btolton et 

IS 1993a» ^t^pray, tobacco (see Ihftcimationai Patent Applicaticxi No: PCT/AU92/^0(d34 

incorporated herein by refexence) and oanations (see International Patent Applicaticn No. 
PCT/AXJ96/00296 incc^poratad herein by re&rencd). Surprisingly^ however, inclnaicn of 
these sequences in standard exfrnssion cassettes^ did not lead to fhe production of intact or 
fhll-le^ugth transcripts^ as detectable by RNA or Northern blot afialysis and consequently 3', 

20 S -hydio^lated flavonoxds were not pioduced in roses. T?het© is a need> therefore, to 
identify fi^cr genetic sequences encoding FS^STLs which efficiently accumulate and are 
flien abfe to modulate 3\ S* hj^droxyktioii of flavonoida such a$ enthocyanins in roses and 
Other k^coamnefcia] plant species. 
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v/bismn axpressioB of said nucleic acid molecule in a rodd petal tis^m results in detectable 
l^y^s of delpfaiBidm or ddpbinidin-basdd molecules as measured by a cbiomatogrftpMc 
teduiiquc. 

5 Another aspcot of tbe piesent invetxtum is directed to an isolated micleic acid moleoule 
CCdnaprifiu^ a sequenoe of nucleotides ett^oding or oamplemaErtairy tx> a sequjenoe encoding 
a F5'5*H or a polypeptide having WS*H activity whearein exptttwlon of said nucleic acid 
molecule in a rose petal lifisM Tesults in a auffidcot level and leangfli of treuBciipt which is 
translated to eaid F3'5^H as detexmined by detectable Icvela of del^nidin or delpbmidin- 

10 based moleculea as measured by a tAaomOtogasfiiii^ technique. 

The isolated nuol^ acid tuolecule of (be pceseni inventiodA^ th^re&rc, encodes a F3*5*H 
whidi 18 capable of more efficient conversion of DHKl to DHM in roses than ia ttie F3'5'H 
encoded by the nucleotide sequence se^ forth in SBQ ID NO:l and SBQ ID N0:3 aa 
15 measured by delpbiiddin ptodLuction in rose petals. 

Efficiency as used herem relates to the capability of fhe F3*5*H enzyme to conveat its 
substrate DHK Or CSiQ into DfHM in a rose odU (or any cdl txf a commeicciatly imp ort atii 
plant 8ui^ as gerbeca). Thia'canversion provides the plant with a substrate (CXEIM} for odier 

20 enzymes of the flavonoid pathway whidti are present in .tiie peUnt to fiirthesr modi^ Qie 
. substiatc. This modification, nucy include fbr example^ glycosylation^ acylaUon, 
zfaamnosylalson and/or methylation, to produce various anSaocyanins which coidribute to 
the production of a range of coins. The modnlatioa of 3VS*-hydroxylated anthocyanins !n 
road is fheieby enaided. EfficieQcy is conveniently aaaessed by one or more parameteis 

25 selected fiom: extait ofVyS'K transcription, as detetmined by the amount of intact FS'J'H 
mKKA produced (as detected by Ncathcm biot analysis); extent of traaslation of tibe ^3*511 
mRNA, as determined by ^ amount of transladon product produced; extent of F3'S*H 
enzyme activity as determined by the production of anihocyanin derivatives of DHQ or 
DHM including delphtnidin or delphinidin-bdsed pigments (as detected by TLC or HPLC); 

•30 the extent of efiStot on flower cotoor. 



iQ (ejAi^s) £i:oN cn bas otsiiEd) xt:qn Gi bas » (Xsirod) 6:oK[ oi bas «i 

bHS) H»s*£a -wpTOABi 'ai^oM m bas) Hi^iM «^iios pro ci^oN ai bas) aSiCa 

mqn g:soK d bflS) KPiM ^^wro* ««P 3mp«Mid sooodnbas aptiooicmu ^ 

» H<S«€d[ tipiwiail •H^C iCd: Wmas| "aaea «!AEB» Xsmd StiipOTC^ o«m*M 

8 o:( Xi]e;piaiia9[diiioo jo %iipooii9 sppofiionu jo ooiionl>ds ^ Smsptfnioo op:)oa{oiii pps 
otoionu psiEtiosi TO s«piAo;id inniizaAm ycsosoid "siqpiaqi 'ipidunpoqara poii^ajd « ui 

-sompoiid Xiretp pm ::n!^ ?l 
^ecg^oo "sjinds oj psjtiun ^ epTHpur iCnin soSeJtOAiSS -SupoiOD Jo oomf 

JO sSwAsq JO pripowi vfffB&xi JO aAiicppe po<ff jo SuijnaA»ij « $e ^tduuro J«^ *osn otj 
^j|» eqi iiiwqitt. 6|ciBid pauxjcgsnciBu:^ H&M J«> spwpra pAou jo uot^anpoid sqi *3{dtiaM 
xof 'opQpijPI S3fi3n jarpo 'SDsspajawwp) joxoo fomv^ SniABq sai)9|XBA pw(d 9indopA0p 
0^ tpwcuddB « stuossidax isoii»iuin inaaoxd oco %eu|X 'spm jo saAsq 'snzaqs 01 
^ocxE 'sfinz '5)1x19 *8iaiM0]j 01 p^^oBf )on tnq ss iptifi sped |Q«|d w sTu^d jo sorisnjsioMBip 
ssn^o so JtiOAttQ JO JOEOO oyspipoiii m jqt^i? u!^»f pouCoidms hbo saoprotqiiEoa 
oooMbra SiStM wioowid ^ajOu ©qi 'woi ui spionoAfifB paqcefiCsMXipfii-^ jo 
aouBpumiosa iBaflq^axq oip w niim oj. pociqi wik soarotibsfi (IliStid ^ILSt£d 
»£l 'ajoo^ssiinit^ fsr^cf^ pus -daiir ^dSds vpifvs ^'dds vjoi^ oiojg popiosi 5 

$$0«ii&eB J3^jfif^p9pn|xnxr dssijx •«J»alo|} «toi ut spjOuo^^ p9|ctficoipAq-tS m po|.pisai 
sDorq.'BmqDiod ooiraiibM duaS HtStSd joi^oujoid jo ios^tis jbynsfpicd u Aiuo 'AiSmsudjns 
-3301 tq tmiOpoui^/ioTi oJa^ ^BiuiQod pure uoTurareo xn pnxoipiinj oi&m jbi^ saaiumbas dtiaS 
jKJ/f poo j^^ooKwd JO eaoi^raiqnioo uregjoo ^ pdunm^cip Xj^oMpdins u^q ofifc Seq fl[ 
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faj^ridizing to the sequence set fbrth in SEQ ID NO;9 or 5BQ ID Np:l 1 or SEQ ID NO: 13 
or SBQ ID NO:15 or SEQ ID NCklT or SEQ JD HO-31 or SEQ ID >fO:26 under low 
stringency conditional. 

baasy) or SBQ ID NOil2 (patMy) or SEQ ID NO:14 (salvia) or SEQ ID N0:I6 (salvia) or 
SBQ ID NO: 1 a (wUya) or SBQ ID (lavender or SEQ ID NO:27 (kexmedia). 

A awlliBr aqiect of the preaeat invBnUfiii 

10 flowering plant ofipable of synflMsizing & FS-STI said metbod compti^ «tably 
tcansftttiaing a cell of a suitable plant with a nudrao acid sequence whtdh oooQiriseB a 
sequence of moleotidea ending $aid Ji3'5"H under condttiona peuiitting the eventnal 
expression of said nucleic acid sequence regeneratiag a tiaas^ic plant flom the cell and 
groTjring said tranflgenic plant for a time and under conditions sufficient to ponnit 4ie 

15 ejqpxeasion of fbe nxiddo acid sequeaee. The expcessicn of the aocleic acid sequence 
geoerally ie«alts in a tiansoriptioo of BufEcient levrf and length to encode a FS'SH. Hbb is 
eoiivenienCty detetmined by detectable levela of delphinidin or delpbinidin-baeed 
molecales as meaamed by dbsomBtogcaiduo tedmiques such as TlX or HPLC, The 
hansganic plant may ibsaify produce a noo-ind^seaoas F3'3'H at dievated levels leladve to 

20 die amonnt aggressed in a conqiaiatde nonftransseido plant. Tbfe generally lesulia in a 
vtssoally detectable color diange in fta plant orplBOt pBrt or proftROjly in the m&nesccDce 
oar floweia of said plant. 

Anoeher ai^ect of (he preBcnt invention contemplates a mcSiiod ibr pooducing a tnmssemo 
25 plant wifh reduced FS'Stt activity, said method comprisiiig stably tiansfcmiing a cdl of a 
suitable plant with a nucleic acid mofecole whidi corapriBca a sequence of nodeolSdes 
encoding or compI«nentary to a seqaence encoding a FS'S-H acdvity, regenerating a 
tiansgBiuc piant Sxaa the ccU and Mfhere necessary growing said ttaosgenic plant under 
eonditipns sofOdoott to permit the exprcBooa of fiw miGleic acid. 



Xiqeis SiiisudaiOD poiDOOi ptcs *H»S*Cd: ppss ^ttcpOOTO djnooiotn VKSI» ' JO V®* « lo Tpi 
B ^monpoEd J0§ -gosgsfoi b oft apKuacixa mpceaAm ludfidjtd aq^ jo )oodsB adtgoae ^ xtaAg; 

uuu; inetd pegipciui Atusop^uaS si^ SicpsuraroSdi pus *U99 imid 13^^ oatxi psortipo4u|jo»»c^ 

Eoondiibds sppooicnm jo 0OtifiO9ipora tj^nocq} ^^^^ noiiBjanH Soispdoioo 

ponpiu pies ^ii39dcxid MTOOfiMogtm tto^ p&xs^b Stejiqnpc© SvcmjAOjj^ orraBrawi g i 
. n 3apnpoad jcg: poipam 18 saveidaxaqpoo xEopstAin )m$Qjd ©xp 30 ^oocte J»ipii9 « n!*S 

-Bouanboe 

ptOB 9|9i9tia aqt jo nopsoKbea oig :(ninad ^wpggns anoi^paod j»piin pro wtmi b |we|d 
onraSsimi^ pres SniiftOiS pro xpo tacwf vm^ 6iiie»sttai» b ftnjwroSo* 'nomra aui v^s^ 0 1 
M^^JOQaTOnt»appeawlOTaBq3JA^^^ - 

B SuionpOJPd JOf poq^ b flsqeiduidiaoo izd£|U»aui vuoteid 9q;^ jo podro j^qjoos n9S 

-Ijao sc^ nioag: itxeidpagtpouiXoeoi^iB^BiBdanie^ pro *ipo troBidmp amt p^onpamn s 
joaraip 3»J 10 OATiBAT^p M «ieS af/f^ p$Jfi5?itt -CjejwdojiMB to TOT^Binqiuow 
snoScqomoii iwa soonim&ds suoo^ip^ uapaogipora i^oup oroS HiSiEJ 

SfuTOiiB SurandoKw poipsra pwfi 'AfiAiioG aSiEJ psonpsi x^V^ %ua[d psgipooi yCnt»i»9TaaS 
B Snpnpoid a^g poqidttK B s^i&iiatiio^i uoiiiibaui ^uQ^a^'^ jfo vw^fae ^i{|oii« 
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Even fitiU aiukher aspect of &6 pz^eut 

transgemio j^lfifits or pcogmy offhe transgenic jtSsasxts containipg all or part of the xmcldc 
acid sequences of the present iDivc9Dition> or antisotise iarxna {hereof and/or any liomolo^ err 
tokted fbxms thereof and, in patdcukir, those iraa$ssomo plmf^ vrftich exlubilt altered floial 
5 or inflorescence pi o p ei lLes, 

Even still another as^ot of the pxeseat ixiventioxx extends to all tmnBgaic plants or parte of 
transgenic plants or progeny of the transgenic plants COTtainix^ all or part of the miekoc 
add sequences oflhepreBait invention, or antiseoae fhrms tbareof and/or axRyhoniDlogs or 
10 T^ted fbnns therrof aod, in partbular, IhoQe transgede plants exhibit altmd aerial 
piarts of the plant such as ftuitt benies^ sepal, biact^ petiole, peduncle^ ovaxievp antlieca fxt 
stem propertiea* 

Anodier aspect of the present invention co3itGiiq>Iates the use of the extracts from 
15 tran$getiic plants or plant parls transgenic plants or progeny of the transgenic plants 
containing ail or part of die nucleic add sequences of t3ie prcaent invention and, in 
. partscuiar^ the egctmcts fiom those tcansg^c plants when n$ed aa a flavouring or food 
additive or health product or beverage or juice or coloiing. 

20 A fiirdicr aspect of the present investtion is dtreeted to teoombinant fcmnfl ofPysUL 

AnoflLer aspeet of the presesOtt invention conten^latea the use of the genetic sequences 
descnbed hereiii in the inazm&eture of a genetic construct capsihle of eaqpkessing a P3*5^ 
or down-xegulalxDg aa Indigenous F3'5n eo2on^ 

25 

Yet anoOuer aspect of the present invention isi dbncted to a piakaxyDiic or eukaryotic 
dgamsni carEjwg a genefie sequence encoding a FS'S'H e?drackomaaomally in plaaxnid 
fbanu 
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laiarx si 

*j9{|0moxds$£AySP3«|^jQ^^ OX 

•opifdMiiCiod JO 9Aii3HAp3p « JO icoK cn ?>as ^ ze'OM ai 
j)HS io gx'-oN cn ?>as •«> pi-on cn ?>as t i=on: or l)as ^ z:t-on ai Xyss » ox *on s 

01 Cms AipaiF^ls %0S ^ SuLviaq ©Dtimibos pio^ ouiiot to to trON CH 6aS 

j» z£:oN cn Ghs ^ 8T-ON cii bss ^itQM ctt 5as ti^N cn JO zvo^ cn 
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SEQ m 
NO: 


1 NAMK 








14 






amitso aoid 


iramlation ^F3'S'HcDNA 


15 




Sai^4aspp. 


nucleotide 




1« 




Salvia spp. 


ammo acid 


irmsiaiion qfF3 'J 7? cDmT^ 


17 






nucleotide 




18 






amino Acsid 




19 


FL&Nco 




'txtikcldotidc 




20 






imolfiatide 


^ ti CiJrtA . 


21 




CUtoria mnatm 


atnfno acid 


irmstautfn txf v3 S itcDNA 


22 




Gemiana 


nucleotide 




23 
"24 




GerUUma 
tr^ora 


amino acid 


*r%MaaUulOfl Cff PS D jar CtGIxA 




FaiDBS' 


Petunia hy^iida 


meleotide 




25 


Bpeapximsr 


CliioHaiemakea 


cuDlootide 


QlfgonuaUtaiidiS 


26 




Kennediaspp^ 


micleotide 


PS'JUcDNA 


27 




Kemediaspp. 


amino acid 


iranslaOon qfF3'S'HcDJiA 


2« 




^inyoanthemum 


nucleotide 


CHScBNA 


29 




cluygantheznum 


amino «cid 


translaUm qf 'CHS cDNA 


30 






nucleotide 


jprcxnator firagmeat 


31 

[32 




Lavtmdiaanil 


nocteodde 


F3'3'HcDNA 






Lavandula nil 


aXDidOacid 


irmistaiion qf F3 *5 'HcDNA 



W I 















TZ|o^^iisizis2| 9pD'{q[|).us 




VNChX «P JO J^pJoq 


an 




-©TOO 




(+) ! JO U 















*Mwiin>Cs xnpioBAoocpnv = SNV ^9SBJatlpw^rlOTOABIJ:<«pAE^ Ot 
*dfi«pC5coiiwfq-£ aaoTOABU » HEi »8a»nio«i oaonsAeD swwxwo - IHO SQBmpirfs 

«IB m peMOATTf ssuiXzaa TOmjad in jmMo jm© sanxe^ooqum jo saopeogtpom J^ttm^i 
fljtraggiTttei ai s«i^H[ 'OTimsjtoOTiinfi ampcad «}xtet<^ ^^^^^^^ maoo copi50oni8-£ S 
xnpTHHiCooqinB eip" jo uoponpaid iBjeusS «qi fiajaqsnin VI sjn3jd[ -suKraSid piaroA^if 
oqi JC9 XBAdpsd SESSKflwCsotq oq} JO srogBVMsewbx ;>s.towiw ai VI «wn3F£ 
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a broad host i»ngp ongm of tc^itioaiMan ttam a plBsmid fmn PsmiOAm&n^ 
aeruginosa 


rev 


^prcHC&nate locattoii of tfie M13 icimse pdmer dte used in sequence 


RB 


ri£^ border of the T-DNA — 




tetauvollne nsdistanoe gm» vrbkb ooafisn ramnmce to the antibiofe" 
teliacsyQlinc 




apprarimate Iqc^on of tbcMl3 -20 pdiacf site used in sequence biI^Ws 


RK2 

f 


bn>9d lu)8t raoge OiaxDHnegathre plasim 



nsore 2 is a diaecammatie lepresentadrai of tlie plaamid pCaP602. pOGa»601 and 

petunia FS'S'Hpet^ fiwant ^ «aod ia the ptepa«tioa of constmctB contanrittg the 
5 petunia FS'STi cDNA dano, ^^Jabdled ftflfments of ^ 1.6 kb B^m/Fi^l fiagment 
w«« used to petal oDNA Bhnnes. Soleoted nmtriodoii endoawdeaw ritea aia 
mai3ce<L .Rcfer to Table 2 and Table 4 ftr adesoiptian of Ujb abbr«viationB. 

Figure 3 is a diagrammatic it^cesentatxon of tbs plasmid pCGP175 ooatabung fhe petunia 
10 F3'S'HjpeiHf2 «E>NA clone ftc»mP. Ay6rfd« OGA Selected restrictum endooiicW 
«l*«a«nwked.]RciertoT<*le2ai«iTabIe4f«radescd^ 

3Plgn« 4 b a diflgeiimniitio yepieseiitatum of the plaamid pCGP1303 contafmng a subclone 
offhepetuniai^J'J'ff^prt^oDNAcloiieftompaSPeoi. Tliecoastractloi, of pCJGPlSOS 
15. described in Bmnpte 4: Sal«ct€di«Btrictumeiido«inclea» 
mie 2 and Table 4 ibdr a d«Mi3i>ti{Mi of tba abbreviatioa^ 

MBore 5 k a diagrammatic Mpreaaotation of the 

J': pemfl: pet3>8 3'&Mii&om pCGEP485 was cloned into Che Wnary vector pWTI2l32 
20 <DNAP> in a tandem orientation wiflt die ohimaedc iSW» geno. The construction of 
pCeP14if2 is described in Example 4. Selected reattiction endoniiclaasoaHea ammatked. 
R«fertoTablc2 andTahle4fbrade8eaiptionof fliaabhreviatioiiB. 



KIZXIA^ -K^aaA Amxtti gtjt pwxt poncho ^^^^ Q^sS ^f- rotf -IIh^ uS OS 

jrs99<f SILL '9l9ld£K>d {naisiqd KxBopii aqj jo nox^BjusBaidbi opsimiieiSQTp b bj 1 1 ^nSlA 

Qi[X firaf^y ouoBTOwp OTP xfiopEiTOiio usapnB; ^ ui (flVNO) tClZXXAclL sz 

'19^IdD3^ picDtsqd XxEfoiq eq) Jo nopemosdJufej opannxzeaSeip ^ ffi 01 un^ut 

JO noipnj^suoQ 9qx 'auaS ffjpV ofisBomp «q) iRMft xtopB^izdiio rndpoe:! « in GlVNO) 

JO iK)ipn4truQ0 ©qx "^^^^ flWS 5>w^™qo aip ipiM. noif^iu^po mapuB; b to (iVMcl) 
tCl^XX^d JcopsA ^tiiq ©qj a|in pmop) swAi 8Z9dDO«i wag airaS ,f 

01 

-soope} Aaiqqe oq^ jo iioiidpaBsp « ic^ f ^ffPX Z Biqex 'poapsnx oxe 

meiffnoopm nogooissti pe9»l9S 't »ldv»:ieg m psqpoBgrp «| szidOO^ JO iiofpnitsttoo 

--f SHD^Y sfqx "SZIdHEX^d piaaropl «B jo TiopB|a»s3txdoa qpnmneiScitp < 2r «n8H 

►«ttOjt«5Awq<p JO TOpdpoBgp « aoj oi<{«x P™ 3 ^W^X ^ ^^3^ 
■pajjOTca oxQ S8(;is a€eo[orroopn» tiorpTx^Gsa papapg ^ sidmsjcg m uaAiS si J/CIZIXM^J^ 

(iVKO) ggTg^TXMd prais»|<J iCiBinq dip JO iioiie;TXMOJiioa ospromreoBBip b sf 9 
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15 



20 
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30 



pOCT 1616 is deseilbed in Exan^te 4. Selected i-estdctioa eadonuctoaae sites axe martetL 
Ke&r io Tdjte 2 aid Table 4 fiar a descriplion of tha d}fai»v^^ 

«gnre 13 is a duiginimntio xepKsenfsti«ii of fiw binacy plaamid pCGPlsaa! Ttw 
».i»#>»J5Kr pet]^.- 5' gene ftwn pCGPlCl? doned into Hie hinmy vector 
pWTr21J2 (PNAP) in « tandem arieiiiiitiaa wiOx tiw ddmaoie AilZB geoa The 
CQDrtiucficii of pC(aP1623 is deBoribed in Bxample 4. Seleeted tertrlotion codomiolease 
shes aMTcmaaA Re&fto TV»bie2 and Tdde 4 fcr ada»ript!o« of tt» ^bRviadona. 

Flgnre 13 is a dii«a««umatic representation of the bmaty plasmid pCX5P1638. Hie CaAfT 
p^fl . nasS'sfaiefnm pCX5P1636 was cloned into the binary vectar pWTT2132 
(PNAP) in a tnidem orieatatum with tbe obimaeiio SuRB gena. Th^ conBtroctlon of 
PCGPI636 is de«^ba4 in B«onpJe 4. Selected t«trictio« endon^ 
Reto to Table 2 and TaWe 4 jEor a dcscriirtion of I3te abhreviflttons. 

Figure 14 is a diagiainniatie t^neaantatibn of Hie binaiy plaamid pCQP1860. The 
itowrCaar S\- peO^,- nosS-pmrnm pCGP200 was oloned into the btnarjr vector 
pWTr2l32 (DNAP) in a tandem oricatalion wMi the chia«cric gane. The 

constiaction of pCcSPiSdO is described in ExaupU, 4. Selected lestticdon endonedeaae 
«Jt«3 are nmriDcd. Refer to Tabte2 and Table4Jfarade8cri^ 

Figure IS is a diagrammatic repiesentatiou of the Wmny phsi^ pCOT2l23. Thb 
CaMVSSS: petm-'. ocr 5' gene ftom pCGP2109 was cloned into the binaty vector 
PCCJP1988 in a tandem orientation with the chimaeric SuRB gene. The oonstmctioa of 
paSP2123 la described in Example 4. Selected rcstridion endonodeaae sites we maiiked. 
Referto Table 2 and Trfjlc4 for a description of the abbreviations. 

FigiiTe 16 is a diagtsninialic r«|,ics8ntation of the binary plaamid pCQP1988. The multi- 
domng silo of the binary vector pWmi32 CDNAP) waa replaced with the m«W-cloning 
sitefiompNBBlM CNwBi«tlandBiolabs).Theconslr8otionof pCC^ 



'saotraxAdiqqe ^i^t JO uopdpasap « lof ^ pro Z ^1<1«X 

JO uonOTinsaoa oqx fiRPW ouomtip aii^ uotje^ropo iropim b tit zeiZXXAd 
iCreniq sqj oiin praoio ssal r»WE)OCl niog 6fQ»S sou :sf}i> uS SH!^^^ 
aqXi '9Z9ldDL>I pfmmid Xiscnq sip jo Tsopi^ttssaidax aitSBiimmaSeTp « Sf gz unSis 

afqX *eo9S oaf^dsnn d{qB|»ps opssmitp er|i oi nopsnioTzo Tnopom v tie 6lNiad 

. * SI 

-sooTiEiAsaiqqe aq; jOTio^dp^sofp b loj ^ ^Tq^X 1^ Z »iq«X J^p^ 

JO Hopcmuflnaoo oqx "OTraS JisspBcn eiqe^psi^ /pA suafenmp ©qj <k( Tuotmnocxo Toopiiin « 
Til SWIK€)3d jTOOTAXjcuiq aig ojui panoio seal POTIJEOO^ wog airaS , f 8<If^ -S/ID --f 
fiCTSBWf aqx 'LOtliOCVl ptrascfid Xi^aiq dqi jo noi^fenidmdaz opniixinei9eTp b $| gt mbSw 01 

-BTOgBUOiqqB oto jo ixopdusssp b jqf fr ^iqBX C ®NRL <^ 

JO xiopoii^)saoa dqx**ow>q:¥mq (+) »diiaBanita[d b w Si «px6fui3bq jx^mnong^ 

puB moTEKMid :»(p QBBiKqsq tmp Gsmvjmopm Bopoiiisar oidtsnux XffyA «j:^sro» noissaidxa s 
A>i> f gS£ «qx "SOTMOO^J ppnacid OTJ) jo u09^m^9J^ 0X)BiuaraiStecp b w ^[,1 mdStj 

•BOopBiAMqqB aqi JO TioTtduiW5p B jqj ir 
«iqPX pne 2 ©iqBX C4 jOJs^ "PWEitoi qjs «a}T8 «sBaioiiaopT» uoipii^sax pos^adios -fr ©|daiBxa 
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deacribed in Exairgole 6. Selected testdctioii endoniudefloe ^ta« att mntked. Refer to Table 
2 and Table 4 i&r a dwwiptiott of the abbttviatioais. 

Figure 22 is a diagnimm^ represmtatiott of the hinaxy plasmid pCaP186L The 
5 SoseCHS 5V GUS.- rtos .3' gttiA fiom pCGP197 was. cloned into the binary vector 
pWTT2l32 in a Mem Qcientaticu with the chinuwaio SttRB gene. Hae oonsttuction of 
pCCff 1861 is desdibed in Bsnunple 6. Refer to Table 2 ead Table 4 fi» a de$caption of flie 
d>bievialio]i& 

5': OUS: ptoDS S* »sa9S«mvC^l9S2ywGlcm^ to 
a tandem oriontatioii wiflx Oe ebimaedo gene. The eonstfaetioa of pCGPl9S3 ia 
described in Bxample 6. Re&r, to Table 2 and Table 4 &r a dem^aai of the 
abhieviattous. 



15 



20 



Figure 24 is a ffi^grammatio leplrKentation of the binary plaanid pWTT2084 (IJNAP) 
oontafaBng a 3SS GUS: ocs 3 'igene in a oonvergait orientation to fte ehimaeric SuRB 
selectable muksr gene. A descadption of pWTr2084 is gtven in Bxample 6. Rcftx to Table 
2 and Table 4 for a dascricption of fte flbbievifttioicw. 



ngore 25 is a d iagn uTuni rH o repRBeataition of the plasmJd |»CGP1959 containing ihe 
F3'yHBP»18 oDiNA clmt> jGnm Vtola spp. cv BIftck Panay in a pBloescript SK H (+) 
boclcbooe. A deso^rtion of pCGP1959 is ghren In Example 7. S<dec«Bd festriotioa 
endonoclease eitas are nunSced. Refer lo Tabic 2 and Tabl« 4. for a daacriptioa of the 
25 ablHsviationa. ■ 

. Figrnre 2« is a diagtanunatic lepiesetitatioa of the plasmid pa3»I961 contahiing tfae 
F3'S 'H BPn40 cDNA clone feoni Viola cv Blade Pansy in a pBlueaciipt SK n (+) 
backbone. A description of pC<3P1961 is given hi Example 7.- Selected restriction 
30 endonueleaae sites aie matked. Refer to TaWe 2 and Table 4 for a description of the 
^bteviations. 
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-SUOpBWSJKiqB Oip JO WlJI^JOT3p « 4<5 1? 

JO iioipn2)9U09 OTH gyp^ ouoBunqo ec^ q|i«L qoiviitihid ixttfpoe; v m diVNCl) 01 

'SODTteii^jqq^ 9iR jc TO?idpM»p b jqf > »iq»J. P«» S«iq«X J^jo^ 

JO iJogaaxisaDO sfqx •ouoS ff^pi^ owOTPwrap oqj xpm uofpfitrauD loerptin ^ tir (^MCD 
ZUZSJJA.^ JE0I09A iCjOTtq ^ o^1I^ pouop sm OieidDDd 11109 cS SKP^ '8fM& f 
SEO^^VL TljSldDD^ pimsBidiCiaxiq di^ jo ooimvoswdo;! sjpBxrowwSKTp « si M118U 
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HgniiB 32 Is B diagramaalic nqpresentatioa Qf the plasmid pCGP1999 oontaiaing the 
FS'S'H Samr cDNA 6lot» fitnn Satna spp In a pBlucscript SK H <+) backbone; A 
dMoriptiOTofpaSPlSS^feghrminExaiiq) SdertediwWcttoiicadamiclcMcsitBg 
matbed. Se&r to Tabl^ 2 and Table 4 ftr a desedpikoi of the ebbRviattona. 



are 



5V ^«?#^-\P«i»« WpC(a^ll« was blanedinto fl^^ jn 

ft tandem orifitttadoo with «» cthWric SidW gene. The eonstniotioii of pCGP2121 is 
deeaibcd in Ejcaa^l* 7, Selected restriotion endonudbaa^ ^ m mOsxA Ra&r to Tfeble 
10 2 aod Table 4 &r a descupticui of the aUiireviBtunta. 

Ffenr© 34 is a diagtsmmafie wpreBcntation of the binaryplaanid pCGP2l22. Tfte>lwCHS 
J'; Sam7:petD8 3' gane fiozn pCGP2117 was cloned into die btnaiy vector pCGP1988 
in a tandem onantatita wife the tAimaeric AJ» s«ie. The constnidioii of pCGP21 22 is 
daaeribedin Bxnnple 7. Selected leatriciioaendMucleasc sites are marked. Refisr to Table 
2 and Table 4 fiar a deaetipfica «f the ablueviations. 



F|g«re 35 is a diagEaimnatic iqpresaotatioD of the biiiBiy plasmid pCGB»2120. The CaMV 
S5SkSatU2:oa J' gpne fiom pCCa«2112 ^ doncd into the Wnany veetor DCGP1988 in a 
tandem orientation widi d» ohimactic SuRJS gene. The constcuctioB of pCQWUO is 
described in Exan^le 7. Selected rostrictioa cdidoimclease aitaa aie madtcd. Re&r to Table 
2 and Table 4 fer a description of the abbieviaticniB. 

Figure 3« is a diagnmunatic rtprescntatioa of the binary plasmid pCGP21 19. The Ca&fV 
3SS:Sam7:oes 5 'geaefirompCOWl 11 was cloned into the binary vector pCGPl 988 la a 
tandem odentatian with the diimaeric SuRB gene. lUc amstmction of pCGP2n9 is 
described in Sxample 7, Selected twtricttonendonuclaaae sites are maifced.Itefb- to Tab to 
2 and TaMe 4 fi>r a dcscriirtioa of thft abbreviations. 
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V woq:5iaBq (+) n :aS ^^duoBsiqsd b m •dS? orftojp XX109 ^^010 y^Qp fffj/off -CT-f. f-/ 
enq} SmmBinoo DIlMODd proraBid w» jo TOWF^ws^idiai p]i?iiimRiSctp « si ifi antSif 
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Viguve 42 i$ a diagrannnaiie repfsfieatatioii of ifae bmary plasmid pCC^252. The CaMV 
3SS: Km»#3J:oes3' gsifs ftcm pC<a»2236 was dcaied. into fbs binary vector pCOPlSSS 
in a tandem orieatalioa wilfa the ehimaeric ^iRB gene. The cawtruction of pCQF2252 is 
described in Example 7. Refer to Table 2 sad Table 4 fhr a d&sanptioa of tha . 

ElgBn 43 iB a di^ammatic lepxeaemsdoii of the plBsmid pBHF2F containing th* iult- 
ICDgdi F5'5'H S^paiHF2 oDNA. done ftom CStaria tenuaea ixL a. pBtoesoipt SK H (+) 
backbooa A dsaaip^ of pBHEZP is given in BKample 7. Sdeoted icstriotion 
10 endouRcIease sit«s are nunfced. Refisr to Table 2 aad Table 4 for a doBoriptioa of flie 
aibbtcviatianB. 

Fignre 44 is a dii^rtnnnirtio T^NnBoxtation of the binaty plosmid pCGP2l3S. The jimCHS 
5'z BpeaHFZ: petD8 3' gene fi»m pCGP2133 was cloned into the binaty veotOir 
15 PCGP1988 in a landem orientation with the cbim&erio SuRB gene.- The convtriKitioa of 
pCC5P2135 is described in Bxample 7. Selected restriction endonnelease sites ate nui^ 
Iteftar to Table 2 and Table 4 fiw: a description of the abbreviafioms. 

Elgnve 4S is a di^nttmnatic rqirssaktation of the binary plaanid pBBBF5. The eCaMV 
20 35S: BpeaHF2: nos 3' geae was constnicted by r^lacing the GUS fragment from 
pBB2U3.GfU5$ with 4be Chtoria FS'SH Bpeal^ cDNA done fiom pBHF2F The 
construction of pKBBFS is desciibed in Bxttnple 7. ReCer to Table 2 and Table 4 fiw a 
dasciriqptf on of tiie aibbreviatiotia. 

^ ^^S^ 46 is a diagremimatui i;ei)»Beiitatiaa of fiifrb^ 

33S: BpeaHF2: 3 ' gcaic from pCGP21 32 was cloned into the biaaiy vector pCGPl^gg 
in a tendem orientation with the ehimaeric SuRB gene. Hie eeostntoflcm of pCCSP2t34 is 
de»crfbed hi Example 7. RecEer to Table 2 and Table 4 &r a desec^itvm of ^ 
abbieviations. 

30 . 
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Kgore 52 is & diagtamiuatto ^efMsaaotation of tbe binaty plasndt} pBBLPS. Hie eCaMV 
35S: LBO: nor 3' ggne was ooDStroeied by replacing the GUS fraginent from pBE2113- 
GUS» with *he ItrimuMaFS'S'HZBO cDNA. ekoe ftom pLHPS Il» construction of 
pBELFS is desctibod in ExHmplc 1, Ksfer to Table 2 bdiI itbia 4 for a deacdptum of &e 
5 afafatcviotioiis. 
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^^bioqpdi oTqdejSo^imiimip « iCq pamsediu s« $9]ii03pni paseq 
piDQ oiepao pfBS JO uqissdjdxs npxsqM KjiApoB H.ff«£ J SaiA^ sppdod^Ciod jo jlS*^ ^ 

'M&niqpe:^ oiqiSBaSo^soAwp b /[q pajtosisduz fiOpmiom p9SBq-iiippitqd|[0p 
:io Gipnnq<^op JO spAa]; djqstMtdp m B^insai mssi; pqod: moi « v{ opuDoioax pps opiomr 
pies JO lECismKbco uieidqAk iS4|AipB Ht^iCd SvctAisq epi^d^d/^iGd 9 lo H«S«Ed[ ^ SoipMU 
eraaobsfi s 6| Au^iwm&idmiQo jo SvcfpOcnra sgpnooiptKii j^o oomnbw 9 8a|sndinob dtnwioQiL 
ppe opoionu p^viosi $dpiAoxd oopiDSiUxz ^sojui jo psdsv quo *iC(9n!P«>09V OS' 

'5^tX9£d ^cq^Ssroej^ iCiismiM dq; wag J09^ 
jo/pm sopsaaS ^oonbssqns mii^ $;^ipceid pas sp^td iCmSoid ^niaof osfB ..oimSsnea^ 

jo3:iaq;i sued OAfiiBpSaA lo oAponpoidai pus S9.ueid o) spuajxo uopuaAiq jm^9Sd ^ 
'jaAoajop^ rj0|;oa fv^d jo nogeiTLdTaBia ^ifqt ScmqiBizs /Iqoraqi *6uan»Cooin)ne poB sioaoABg: 
JO vpAOi aApspx JO uoifKio^iv j[QAL SB STuaoCdoiifae pmpiAicni! jo uopisoduzoD sig jo 
ooiiEinpoai 9ltuu8d siw{!dm sisaiip(iifo Hi9i£d loucp^o oi i£iH!V 'flSneq jbao epxjoofoiui: 
popmjits otSnis oa^ to dim trim svjja svMQ P^pmos ^qnop iCipeBJed pue VKS 01 
JWYMai^POMIs oxcpiop voqs *tuditeq m qros seiimtoca opsroS nptqam uoDOitpui-ivKS 
-s&|}iA|]0B SmmidXP pnioiii^nnKq-^sdd jo iroof^dbasaBi^ idq^o jo uoT;dnput-aoi)9{>€Li9dUi 
JO Tioj^oitpiir-ivjsta ^Ktu^t^w ©TOtzvKa srateiaira *i»m&oqu -nopiqiqin $9iti0stiuE 
nsDi&fiOiddns MTOSB *uoiBSMd3fiD-J»A0 ^cTssaid3» cviDM &p ^idsmm Jcg *iCq 0ui£zu9 iv^ 
Sujpooio qaaag jp noissMdxa jo TOi^^pcipom ga^ :^ttua$d uOBve^wn juassud ^rq^ jo boou©ii1»s £ 
opdmS ipsaiqinoooi eqj. -pOBBOSsas pro paxioio 'pegp.TOpj nsoq OABq iQiApot? as.€J 
SaiA^i eoptidBdiCiod Smpoouo aoOTatibas aisdUidS "uoiTimiii judsojd aqj q^yw, aouBpioocw n£ 
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A further aapect of the pteaant iavnfi<m is directed to ea. isolated nucleic aisid molecule 
comprising a seqaeMe of amctootida8«^^ 

a F3»5*H or s poljipcvrtide Mag K'S'H.JMrtivity whowin «»q«wsioa of said niideic aoid 
motoGuto in a zoss petal tissue zcsultd a fiiU-]eii|^ fnuvcript wluch is detsetable by 
5 NarthembJottt»^)BSi$oftoba»^ 

The present invention is described and exemplified hesdii by ze&renes to die 
identification, cloning and manipulation oif geoetio seqaenoes eaicodiug a F3»5H wbicb aels 
on t>HK as wett as DHQ. Preferably, the FS'SH wayms is a pansy, salvia » sollya 
10 Iflveader or kennedia FSm The FS'S'Bi enzyme may also be considoed to Include a 
pobrpcptidc or prot*™ hanging a FS'SH activity or FS'SH-IilCB activity. The latter 
enooirqMaaes deiivativea having altered F3'iH activities. 

A piefennd aspect of the present naveDtLrai. tfuae&re, is dircoted to an isolated nucleic acid 
15 laolMulft oooiptiaix^ » seqwmoe of nneleotidea eooodln& or complementary lo-a sequence 
eacodh^ a K'S'H or a fbnctional mutant derivative, part, ftagmeot. homolog or anUog 
eteret^whenia 4o nutflac aoid molecule is characterized by the fijUowii^g: 

® I^^I^'S'Htraiiaaipt in rose petal tissue ia of safi6«i^ 
20 F3'5H resulting in detectable de^phinidin or delphhii^ 

tiBsne a? meaGuzed by a ofanmatogFSphic pcoeeduns (eg. TLC or HPLO; 

(iO the i^i'J'fl- transcript m rose petal tissue is fiill-IengtJi and detected by NoMham blot 
analysis of total RKA isolated fiom rosopetal tissoa 



25 



30 



m thcM'SH in iDBC petal tissue results in detectable de%>hinidiii or delphinidiBhbascd 
rooleonlee as measured by a dteomatograpWc pn>cedure (og. TLC or HOPLC); and/or 

Ov) tbaF3'5rHiwults in a visual coltttchai^BB in rose petal tiaaue. 
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levtjsd^ )BV3| IB SooMoncff saousabos Souicisqo ^Tiumisa srpoa:^ JsipJtg: -ja^ouioid 
jBsqu/aoB JO UMO ^ ^ax^m uopero^ao os!?9;a0J hi joajraqi. )2Bd it jo Hi&s:^ Smpoona 
joojisq^ xmdjo VNCP ^ VNCI apnon©? ^if^ <>? Hpnaixa osjff ?i •spiaia opiCKta kioSoicws^afq si 
xj^yvk uofjTOiipoo ui spiwii dt^iooiz pw s9x«»aioOT apsiijtt^s J0 ^muiqcooooi v\mv^^ 
VNQ oxuiona® Sajptipui 'oxftx m peinc^^ui jo pamio} sapifl^jotu pp^ otatonu fispnxotn 
:ii -Xntti^gioads oioj^ ^usukkxhato Smimodo^ne;^*"^ * ^! P«ai»p jo pazisoTptfite 
JO i^nwu «ii wag Xbmb ps?»losi sroeiar siq; *Xixbwiwo laMiTpiioo Snumsoo 

'wa[pnreX9oq;ia9 SAiimdsai 919 jo scnxqsF pa^ttpCsoaX^ 
ssagap sixjEmAwfffM vasai sm. •uoijwiXot pro QO!3B|iCsoaXiS iCq pdlgfipom oq osp 
TOO suipioeXoQCfpDra pojBpftpsni oqi *(saopi8«d ,5 pro Y *S V p!n»I^!qp«0 ucpjAttm 

T™ iS «B T» p«tepOift0tti) uipTAiTOi '(^Tflod-ie oir parnXipaTO) mpnm^d mpTroCooqjOT 
910 ps^iimi jou aic qdiq opniocn mpumpJiap jo smjcg: psTBI^iiiaj^ -Bnuc^ psigipom 
jaqio JO paiBjAo^ui 'pai^iAre *p$t^iXsooXiS po^twni ^oa m 3ajpn|oai jo^JOt^j soAj^eAin^p 
Ate JO xupvmi(if!&p 'ropniaCooipOT sq^ rapnioin ftirouSid pdBBqwpnznidiap u»a^ oqi 
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In accordance with 12>e above aspects of th^ piresont inv6iiti<m there ia piDvidad a ^moleic 
acid molecule comprising a nucleottde sequemx^ or compl^eataiy xnickotide sequence 
substantially as set fijrth in SEQ ro N0:9 (pmsy) or SBQ ID NChll (pansy) or SBQ ID 
NO:lS (salvia) or SEQ ID MD:15 (salvia) or SBQ ID NO:I7 (soUya) or SBQ ID NO:31 
S Cavender) or SEQ ID N0*^6 (kdimodia) or having at least about 50% ^rimilarity dicretD or 
capable of hybzidizmg to the Sdqn^e set fixcth in SEQ ID K0:9 or SBQ ID KO:ll or 
SBQ ID N0:13 or SEQ ID NO:l5 or SBQ 3D N0:17 or SBQ ID KO:3I or SBQ ID NO:26 
under low stringciioy condilians. 

, 10 Table 1 provides a siuainafy of the sequ^noeidentifiers. 

AltMnativ^ pexcentage simihizittes and idoxtities (at {be nnoleodde or amioo acid level) 
eoncoinpassed by the pte^ditt invention include st lea^t about 60% or at least about 65% or 
at least aboat 70?^ or at least about 75% or at least about 80% or at leaast about 85% or at 
15 least about 90% or above, such aa aboid 95% or about 96% or about. S^7% or about 98% or 
about 99%, $ucfe as at least about 60%, 61%, 62%, 62%^ 

69%, 70%. 71%, 72%, 73%. 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 
84%, 83%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%w S8%, 
99%, 100%, 

20 

M apatticulatly prefibned embodixuenl^ fhcre isipitovided an isolated nucleic aciduoofccale 
compdfltng a nucleotide aaquence or comptementaiy nucleotide sequence siibdtantially as 
set iiffft in SEQ ID NO:9.<paiiBy> or SBQ ID NO:ll (panay) or SEQ ID NO:13 (salvia) or 
SEQ ID NO:15. (salvia) or SBQ ID N0:17 (sollya) or SBQ ID NO:3l (tavendor) or SEQ 
25 3D N026 (kennedia) or having at least about 50% similatity ^r^ or cig^able of 
' hyfaiidiidng to the Bcquenco $et forth in SEQ ID NO: I (petunia) or SEQ ID NO:3 Qjetunia) 
or coitnplementacy attand$ of easier under low strineency conditions, \idieirein said 
i3Uc]eotide sequence encodes a polypeptide having a F3*S1I activity. 

30 For the purposes of detenninmg ^ level of stringftacry to define mideic acid molecules 
capable of liytaridianng to SBQ ID NO:l, SEQ m NO:3, SEQ ID NO:9 or SEQ ID NO:ll 



l^B saauootos praidrooo wdAgoq Xi|X)\npi pB» sapnidui ocmq posn iSjinsipms una) ovix 0£ 
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otttiOT TO ao /^:oN <3i bas J® s€=oN cn X>3S ^ cn t>HS ^ 91'OM cn bas « 

fV*OH cn bas ZT'ON cn bSS DI=0N oh bas ^ V>s jCippfn^qi^ oOTenbos 

-3g£9 vijo orni^rgrfmai v 
gas /V^ %X*0 *J!^q OSS * I"0 «l AwBS«iia>s TjSpi ^0^9 cn jXiOJ! ^ Mrerroduw 

« 1» SOS A/WL %0'I 'Jsaaffiiq ogs x g si Xow^imis apaiBpoui b !QaE*-sc Hi SQS a/m %0'T 03 

XcjBinopiBd 'XiStiipaooay -snopjpaoD uoiiBZippq/Cii osaiqj to x^^oB^ *f ©prareuood 
^friei *e8 W 'tmtpofu T 'jns *A&jf^ pro ootooh) aired aseq ipifimsiin jo jsqaina «ip 
10? %ij?o oSBMom ift?/^ 0«1 X^ S3BB0JMP VNO Xdldop -B JO dqj *j»A»MoH "CweX 

'Xejdus^ «I -rooprpaoa SapisttAV iqgf ^tes W SI'O xnoq? ^ ca j^t lO'O ^tioqip |sb©i ^ pw 
'uDi^zipP^)^ J«3 M SI '0 V«>qB Isbsi cn ]^ itioqe jsuoi ^ uio^ pro spnnemisq^ 
A/A %0f TW?? A/A %X€ itioqe }e iwog 896fimlEU09a9 pm fispnpiit 

qptq/& ^iCgfoaScrcqs qSiq xo 'scDpipnoo StimseM iq^ )IB8 yi 6'Q V^V va^l ^ <n H S'O 
Tnoqv ise^i |b pixe 'noj^essKniqiCit iig ipse 6*0 iBo^y^S'O I* 0 1 

twic ^pfOXBimqf. A/A ^€ sluxp vn»i ^ a/a %9X )tio({e tsboi ][9 tuog saBBwioiocTO pro • 
E&papm x[pn{Ai 'XanaSmx^ vmtpotu se Tpa$ ^XTessesen aieqM pogddB aq Xvm suopipiioa 
iCanoSnixid ^Aijinmiiy •fifoopjpooo XnraSinuqs ©ApBiupflja SAtS jo/pns spiuraraiqi 

«ll "DflZt ?<i<*fl? OoOE-SZ woqc tpog at XoasSauis aoi 'Xo^iomD "snoijipacw .$ 

SorqgvAi Jqj ips Ptt Z ^luxp ^sbsx 1b <^ T ^Mqc v«wx 3« P«» "aopTSzippqXq 

jAj z ^noqe :|OT3X |b Q| j^i ^noqc ^bbsj 1x109 poe opinraauoF a/a %5X laoqB jsesyi ?» a; %o 

ca bas ^ wok cn bas j«> lvok cel bas ^ si^but <n bas tvobi ooc bas ^ 
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aat are nevwthelesa ididBd to e«ai other 

confennattond levob. Where Oerc b noiHidcntity' at fhe ammo add fawl. «nnilarity 
iwIiMteB amino adds ffaat are pever&elen related to each other at tt» ctoictural. fhxwtional, 
biodi«mcal and/or ooflfiffmatioaal levds. In a parti0alady.pt«fen«d ambodhnertt, 
micleotidd and aaqoenoA oompansons are made at the W of idootity rafter than 
nnxnlaiify. 

T«nns used to dcacribD sequtace wlationsl^ 

polypeptides include "wfetence sequence?', "bomparison window-, -setpjence jamflarity". 
*l8ai|u«ooe identily", ^percentage of sequence muHadty^, "pereentagfe of sequenci 
Identity-. -BubstantiaUy smular" and "substantial identity-. A •'referaooe sequence- is at 
least 12 hut fieqoeotly. 15 to 18 and oftan at least 25 or above, sueh as 30 monomer units, 
inclusive of imdeotidea and amino add reaidnes. in length. Because two polynucleotidea 
may ea6h compriae Q) a aequanoe only a portiott of the complete polynuclootkic 
sequence) ibat w similar hetwean The two polymcleotides, and (2) a aequeace that is 
diyerse«itbetwcmthetTOpol5«uiaeotide8.8eqnencecom^ . 
polynucleofidea are typically poiWd hy coftiparing aequences of Ae two 
polynucleotides over a -loompariam vrtodoW to identic and compara local wgUm. of 
sequence m^ty. A "comparison window" tefira to a oonoeptmd BagKaml of typicafly 
12 contifittoua residue* tiat is cooipa«d to a reference a«iu«noe. The conqwisoa window 
may comprise additions or deletions O-e- gaps) of about 20% or leas as compared to flie 
refiatfflce sequence (which does not CQmprise additions or deletions) fbr optimal alisnmsnt 
of the two scqoeaces. Optimal alignment of sequences for aliening a comparison window 
tOBy be condueted by compaterized impIementaSons of jOgorithms (GAP, BBStFIT, 
FASTA, and TPASTA in Ifae Wisconam CSenetics Software PadcagB Release 7.0, Genctici 
Campoter Groq,. 575 Science Drive Madison. WI, USA) or by inspectien and the best 
aUgnment (i^. resulling m the highest percentage homology over the oompad^m window) 
S««Mted by any of Ae various methods selected. 

BIAST femily of ptDgtams as, fi» examp^ disclosed by Altachia « ai: 

25: 338SK.34Q2, 19^. A detailed discussion of sequence analjai. can be ftu«d m Unit 
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• Th additf on» nud^lide sequeodes whioh do not express weU in rose tissue may be modified 
sofiih 88 in xednciDS ovaran % AT or at least reduce the levels of % AT ia the tiiiid position 
ofaeodoo. Sncii time cgqaesston in xose tissue is elevated. 

11» imoleio sequeooes oonteoqikted hezeia also enconxpess oligoaucleotides use&l as 
gmetio probes fot amplification reactions or as aotiBaus or sense molecntos capable of 
xegukfiiis eKpsession of the conoqpondiiig gene ia. a plant ScDse mdeeidea Jnobide 
baire^ coQOiuetB. liuxt double stranded DNAs and RNAa and pattially dmdde alxaaded 
DNAs and IWAb wind: OTcwmoiiedi^estnowJodnvic^ ^^^jj^^^ 
molecole as u$ed hereon may Also auooinpaas a geoetio constcnet eompriaiog ibe atmctoial 
genomic or cDNA aeoe or part flietBof in revorae oneniatlon lelattve to its or anoQier 
proDMrter. It may also encompass a homologous geaetie sequeooe. An antisense or sense 
moletsule may also be dirtcted to tearminal or iotemai portions of lUe gene encoding a 
polypeptide having a FS'S-H activity or to combinations of the above siioh tbat the 
15 . ea^cessionoffihe gene is reduced weUminated. 

WMl jnespect to this aspect of flw invcntioa, thm ia pmvided an oHgenucleolide of 5-50 
mideotidai aidi as 5, 6, 7, 8. 9. 10, 11. 12, 13. 14. 15. 1«, 17» 18. 19. 20. 21. 22. 23. 24. 
25. 27, 28, 29. 30, 31. 32. 33. 34, 35. 3<S, 37, 38, 39. 40, 41, 42, 43, 44, 45, 46, 47, 48. 
20 49, 50, 51 , 52. S3, 54, 53 bavisg (mbstanttal aiwilatfty to a part or region of a molecole 
with a nnolet^ae segvtense set fbiA in SEQ ID NO:9 or SBQ ID NO:l 1 or SBQ ID NO:13 

« SEQ ID NO:15 or SEQ ID 1TO:17 or SBQ ro NO:3l or SBQ ro 1«W6. By so^^ 
sirailari^ or cjomplOTaaatari^ in this contesct is meant a bybddizable sjndlKitjr imder km, 
alternatively and prefeably medium and alternatively and most pi«fibi«bly high stnngenqy 
25 conditions specific fi>r oMgonucleotida hybridi^atxoii (SambiDols: «i, MoleeuJar Oeniagi 
A Labomtory Manual, 2^ edition. Cold Spring Haibor Laboratories, Cold Spring Harbor. 
NY, USA. 1989). Such an oligonucleotide is naeftil, for exampla, in sweening for EB'SH 
genetic seqiiences feom various aoutces or Sot monitoring an introduced genetic seqaance 
in 3 tiansgcnie plant. Tlie puefeired oHgomideotide is directed to a conserved FB'Sff 
genetic sequenoe or a aequeace oonaerved within a plant genus, plant spedes and/or plant 
vaik^. 
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Th& nucleic acids of tha preseont inve^tioii may b6 a ribomicleic acid or deoxyEibomxcleio 
actds^ fimgLe or double stranded and linear or covalenfly closed circular molecalea. 
Pceierably, &e nuclejc add molecule is cDNA. The i»ccscnt iitvcntiga also oxteodd to other 
audeic ficid inole&iile« which hybridize under low, pie&rably under medium and most 
S preferably under higli stiingency condidcms with the mideic add moleooles of the popeseat 
inventian and in particular to the soguence of nucleotides sot finrtii in SEQ ID NO:9 ox 
SEQ ID NO: U or SBQ ID VlOzU or SBQ ID NO:lS or SEQ ID NOil? ot SBQ ID MO:31 
or SBQ n> NO!26 or a pm or region tfiereof &x its most prefix 
iuvoitifm extoids to a nocldo add niolec^ 
10 ID N0:9 or SBQ ID NO:ll or SEQ ID NO;13 or SBQ ID NO:15 or SBQ ID NO:17 or 
SEQ ID NO:31 or SBQ K> l!4K>:26 w to a jnolecolelw 

least 4S%» even naore piefiiraUy at least 5S%» atilL mora prelbcably at least 65%-70%» add 
yet even mora preferably gmtear than 85% fiinularfty at tihe level of ntxoleotide or amino 
. acid sequeace to at leafit one wmore regions of the sequence set forth in SBQ ID NO:9 or 

15 SEQ ID NCHl 1 or SEQ ID N0:13 or SEQ ID NG:1S or SEQ ID NO:17 or SEQ ID NO:31 
or SEQ ID NO:26 and whereitt (he nucleic acid encodes or is complementary to a sequence 
wlddi encodes an enzyme having a F^'SH activity. It should be noted, however^ that 
nucleotide or amino acid sequencer may have similaritloB below ths^ above given 
peccentagea and yet still encode ai FS'SH activity md siu^ molecules may still bo 

20 considered in the sc^spe of tibie present inventioii where tbcy have xegiona of sequedce 
eonaetvatioa. The piesent ixivention fiirttia: eTdemds to nucleic add molecules in the fimu 
of oUgonucleodde jsimers or probes caftable of hybtidfssing to a partion of the nodfidic add 
molecules contemplated abovep and in particidar tiiose set fotfii in SBQ ID NO:9 or $EQ 
ID NO:ll or SBQ ID NO:13 ot SEQ ID NO:15 or SEQ ID NO:17 or SEQ ID NO:31 or 

25 SBQ ID NO:26k under low, piref^rably under mediimi and most predfoabiy under high 
stEingmcy conditions. Prefoably the portion corresponds to fte 5* or the 3* end of the gene. 
For cozivemence the 5' end is con^doired herein to deime a region substan^ally between 
the start codon of the stmctutal genetic sequence to a centre portion of the gene, and the 3* 
end is considered herein to deSne a region substantially between the centre portion of the 

30 gene and the tenniTiating codon of the structural genetic sequence. It is clear^ tfcereiBbre, that 
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Amino add im^oioal derivative^ of £bd F3*5'H of the preseat invenlioii include ammo 
and/or cffrbax^i tcrmittal fusions as wdl as intra-«equ€nce insertions of single or multiple 
amino acids. Ihsetlioia&l amiiao add soqiiaice valiants are those in vAdffh qdg or more 

5 amino mid residufifi are introduced into a ptedelermined site in the pirotem ftlthou^ 
ncodoDi inserdoa is also possible with ^suitable acteeoing of the tesiildn; pxoduct 
Del^oual veriants ate chanofaiased by the removal of oao w more amino aoids fiom the 
fibqaenca Sabetitiitioiial fanino aoid variants sre those in whioh at least one residoe hx the 
fxxpisaace faas beea removed and & difEbcent zesidiie inaerted in iti place. Topical 

10 snbstitiidon&aretho^niedeinaGOordBnDewifliTableS* 



TABLE i Suitable tesidoea ibr amino aoid siibstitUiiiOEift 





Exemplary Bubstitolions 


Ala 


Ser 


Arg 


tys 




Gln;Hi8 


Aap 


Glu 


Cys 


Ser 


Gbi 


Asn; Glu 


Glu 


Afip 


Gly 


Pro 


His 


Asn; GIzi 


ne 


Lea;Val 


Lea 


Ile;Val 


Lys 


Arg; Gin; Glu 


Met. 


Leu; life; Val 


Pbe 


Me^ Leu; Tyr 


Ser 




Thr 


Ser 
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Tbe present invention is exdtxxpliiied xmng nucleic aoid se^xences derived iroia imiisy, 
salvia, sollya or lavender or ^eonedia since tius repicsmts the most conmu^ wd 
pttefenpdd source, of matenal to date. Howi0v<tf» erne skilled in the art will immediately , 
toppvodsko that moilac fiequeoces can be isolated fncim any luimber of sooices sacli as otitxer 
5 plants or cectain micanoot^gaiiiamB. All sadh nucleic acid sequences encoding directly or 
mdire^y a F3*5^ ate enooQipaffiad lay th& prefleni; inveaaAion regaxdlGsa of dieir somce. 
Eamnplesof ofliersmtaUesoiuvesof geoss ea3codingF3*S*Hin&lc3de^butai9m>tUimt^ 
Vitis app^^ Babima siFvOti, Pintts agp^t Picea s^.^ Larix spp.^ Fhaseotus spp^^ KiccfipiftoR 
Pydismen spp*^ Iris Pelar^TnUm sppsi liparieae^ Getxmttcm spp., Pimm spp^ 

J^jp^s yida spp*^ 

Sa^itpmdia spp.^ Zagerstn>&m& spp.^ bomAina spp^ Plumbago j^RPo S^^K^fypim spp.^ 
Rhododmdrm app-,^ Linum MaeroptUfum spp., HzlnsQus spp,, Ifydrangea spp^ 
Cymbidium spp^^ MiUettia spp.^ Hedysarwn spp.^ Lespedeza spp,^ Asf^aragus spp. 
Antip)iMn spp.^ Freesia j|2Rp.> BnmeUa spp,^ Clarkla spp,^ etc. 

15 

In acconlapce wit& ^ ptca^ invention^ a luicleic add sequeiiK^ encoding a FB'S'B may 
be introduced into and exptes^ed in a tRmsgeoio plant in eiflicr orieniation thereby 
providing a means eiOier to conv^ suitable sobstiateSy if B^n&esizBd in die plant odl^ 
nllimBtrfy into DHM» or altematlvety to inhibit such, conversion of metaboliteB by reducing 

20 or elimit^ating eadogmous or exialing F3'51I activity. The productian of thete 3'» 
S -bydioxylated Sttbstncb^ will subseqaently be conveited to delp1unidin-4>d$ed pigments 
• tiuit will modi^ color and may contribute to ibe pxodnctiom of a bluer color. 
Eapresflioa of the nucleib acid seqwciiiee in the plant may be constitiitEvc^ inducible or 
developmontal' and may also be tiasue^&pecifie. The word ''expresaioi]^ ia uaod in its 

25 broadest sense to include production of RNA or of bottiKNA and protein. It also extends 
to partial Gxpxesaion of a miclotc acid molecule.. . 

According to this aspect of the present inveotion, there is provided a method £»: prod\xcing 
a transgenic flowering plant enable of synliiesizmg a F3^5S» said mcdiod compriaizig 
30 stably transS>rmiD£ a cell of a suitable plant v^th a nucldo aeid sec^uence which comprisea 
a sequence of mioleotideB enoodmg said FS'S^ tinder eonditicma pemiittiQg the eventosJ 
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plant £^ a time atid under cqzuU^bs rofiSdont topesmiit ftm exps^stoaofllie xuicleic acid 

Altematively, said me&xA may ooinijriso $tal>ly tranafimding a cell of a suitable jlaot witti 
S e nucleic wid sequetiDe of the ptesoot invention or ite complammtary sequetice^ 
regOTBiatogs ft tiansgemc plant fixm 

fmd under ocmditiQaas safiBddnt to altar ibo level of actrvx^ of the iadlgeaous or existuog 
P3*51EL Pretbraibly Ote altered l9vel would be less fliaa the faidi^eQioufi or ndatmg lev^ of 
FS^STH acdvily in a ooaiparablenQn-traQSBsnic plant. \i^ti)out wishing to Hniit tihs present 
10 inventiovi, ono tlieory of mode of action is t&at xeduotion o£ib^ ied^eaoua F3'S*H aotivity 
lecjaires the expressic»i of die inftrodwed nucldc aoid sequence os its compIeEomtary 
sequence However^ expression of flie intiodiioed g»etic seqiaenoe or its complement may 
not be Tequired to achieve the dfi$n:ed efl&otJ natmely, a flowering pitot exhibiting alteced 
floral or {nflaresceaodpropertiesu 

15 

In a rdated cacnbodiment the present invention oontemplatea a method for producing a 
flowering plant extuUtins altered floral or inj^otescmce piopectieg, «aid method 
oonqudaing alteration of the flwonold 3\ 5*-hydioxylase gene ttiiou^ modiScation of fte 
indigoQoua aoquetkoee via homologous zecomUsstion fiom an appropriately attared F3'5'H 
20 gene or derivative or part thereof introduced into the plant caB, and reg e u a ta U ng the 
genedcally modified pbnt ftom tlio cell 

Piofiaably, the altered floral or inflorescence indndas the ]^:oduction of difierent ahadea of 
bfcc or puiplc or red flowers or other colors* depeniHng on the genotype and physiological 
25 eonditionaof11iezectpL«»t plant 

t 

Accordingly, flxc present invention extends to a method fbr producing a transgenio plant 
capable of expressii^ a recombinant gene emsoding a FS'SH Or part tfwreof or vMxii 
carries & nookic acid sequence which is snbstaniially oonipleniOTtary to aU or a part of a 
30 n^NA molecule encoding file FS'S-H^^aid method comp 

Of a anitaible plant with the isolated nucleic acid molecule compriaing a scQuence of 
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PlMxt parts oontemplated hy the present invenitioa melode^ but is £iot limited to flowacs^ 
fiidtSft vegrtablesy imta, roots, fitcms, leaves or seeds, 

5 The extracts of the prescxit ixxveption may h& darived Seam the plants or plant part or ceUa 
thcrcftom ia a number of difiGn^ w^y$ including but sot limited to chemical extraction or 
heat extzactioii or filtration or sqi^ezing or pvlvedzation. 

Tho plant, pkmtpaxt or cells fiier^Btmn or<acti:aot can b« iidlittd in any number of difibreat 
10 wayfi mdtt aa fc^ the pcoduotio!a of aflavonring (e.£..a §bod easetice), a ftod addithMi (OLg. a 
stabilizer, a oobzanl) ahealth product <e.s. an antioxidant; & tabtot) a beverage (e.g. wine, 
spirit, tea) or a juice (ag. fivit juice) or coloring (e-g. food oolaring» fabric ooladnfi, dye, 
paint»tint), 

V. 

IS A Ibrtiier aspect of the present invention is directed to reooitdbinant forms of FS'S'H. The 
recombinant &rms of lha enzyme will provide a ecuice of material for research, ibr 
exaxnple, mote active enzymes and may be usefol in. developing in vitro systems fac 
production, of colored con^imds. 

20 Still a fuitfacr aspect of the present im^ention . 
described hereiii in fte mamiftcture of a genetic construct enable of expiessinig a P3*S1I 
or down-regulatiikg m indigenous Fi'Sli enzsone In aplant. 

Tbie texm genelic constrofit has been used interchangably tbxoa^iout the specification and 
25 alima ivith.the tems ^'fliaton nurieccde*^, ^Veoombinant molecule^*, "^ombinant nucleotide 
Sequence", A genetic ooiKtruct tday Include a sin^ nucldo acid molecule comprising a 
nucleotide sequence encoding a singal ptolBtti or may concain. multiple open iea<Htx& 
frames, encoding 2 or m^cMne proteIn& It may also contain a promoter opmbly linked to 1 
or more of the (^mcading fhaxnea., 

30 
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EXAMFLBl 

la geiuial/tiie mediods followed vnm as d«scnbed in Saaahtoolc M aL (1989, Aig^nt) or 
5 Samlxnok and Rnuen, Moleculu 

Mammi &^ cditxoDX Gelvin and Sdbiij^wioot (ads), Kltiwar Aeadanio PubfisW, Tte 
. Netherlands. 1994 or Plant Moteoular Biology LaWtac, Croy (od). Bios sdezufflo 
PabUAas. OxBxd. UK, 1953. 

10 

Hie cloning vectors pBlueecript and PCR sci^ were obtained ftom Stratagieae, USA. 
pC!3l7 2.1 \ras obtained jGrom Invitmgett, USA. 

IS The £sdh«r«eAtoeoiiI«trajxis used ware: 
DHSa 

8iqjB44, A <IaoZYA-AigF>U169, (aSOlacZAMil^), hsdR17(rK-. nik*% 
ZBoAl, endAl. gyiA96. ihi-l, sdAl, detkR. (Hanahan,/. Mol. BioL J66: 557, 1983) 
20 . 

XLI-Bluet 

«ttpB4.4. hsdR17(ik-. iak*y, iccAl, eodAl, sj«A96, tW-l. relAl . . 

Iac-.CF>bAB, laeP, lacZAMlS, TnXO(tet»)] (BiiIlo«dc« «£, BiM^oJmiguw S: 376. 1987). 

.25 . BL21-CDdTOpIus-RILstrain 

QnqfTkf<iS(JM>taB-) demr^Tt^ gal endA Hto [argUileYlcuWCmfi 

M15 fi^ coft is derived fiom K12 aM ha$ the phanolype Nal% Str», Ri^, Thf, Am*. 

QaT. MU-, F. RetxA^ Uvr+, Lod^. 

30 lYaiBlbnsation of fiie e«>/f stcaiiu was perfotmed accotdidie to the mefliod of Inow ot 
oL, (Gene 96: 23-29,1990). 



"iwr 



peiredaa ai$M «|«ce3i SuSraipDAO "(ew^w? 6861 ^poiqniBs) siooojcud lOBpneis oa 0£ 

Slnpizoow ().u9uiSb9 A^omopi) ©saiOTi^iod Yt^ci Saish paipdai aiaM. spaift ,5 SutStieipaAO 

L 

SupAOiiq} (esBxlBav *aa|B«Ma) ?FX «B»pMaia jo (o^s^) ^>Pl noTpBuxg \oq jj XHVit) ?Z 

■jauitoigrnnm iCq papmnimooog sampaomd cn gntpaoaoB 
)Q[ uDciBSri i^nmjij jk^ tt^ ooiibSti tinnifBimv 9ip Santa iiio p^p^eo aioM. raops 3t( vNGL OS 

iioipu)S9^ iCq OTop OTAi stt9ipvfiutm y m pimsaid dig. jo nopmmgoco aiix TaoXurejraS 
qtxvSti 001 J» antiauCcrtaJiiin im/Sti ^^w^ sapoWP^ 63»jidojddB Snnmyaoa saisid jcfts 
ai: TO pa^oofas ©JOAn piuOTid ^q;^ Sujiiiroo su^tor^mm -y^o "DoSS 1^ 91 
StrpfBqs qytM. po^Bqnofin puB ^ipanr (tu<f»jp 6361 3|90jq.™3S) an[ Jo ocax ipiM poVqxu 

TOq» Qj^M siiTO oqi *sa»Tiatui 01 '■^©^imJ « »t » paMqd usqi sttAi. xpn iraweq/VNa 
©m,. -flopoj w s Jpcg: ai»z,€ ^ iiOi^Bqwcmt Xq Aitfl© paMoip t»qj pm sa^TOnor z jq| «K PfiibH 
HI nop^qnom JCq 1x92x39 wmaqfro vmu3vxvq<^^Via m l^wosiCiS (a/a) %Sl/t)«3 01 

001 (a/a) %S8 jo -ijxi S'O popwcfettfisM pra papBod toqj sn»^> »^ "Dn^Z^ 
)B Shrsiib qiMAsmoqgi jpqj xjcspsqiKmcpro (Mto *686T ^ aiooKpOTs) omiiiio eniwi 
0S«»iiB»piootiiii4pa«dMdS[E^ oi VNff PP™^* J<> ®^ S 

Scnppe iCq O^V u}a4$ su&p^fiuan tuntjo^vqa^^ «pn po9npca).ixi sbm. VNa PF«s«M 

•(1661 */56-€96 -'tf '^^^V^^^^ff 



lltlOO/€OOZriV/X3d 



Z.e90Z0/t00C CM 



wo 2004/020637 



PCT/AU2003/001111 



-48- 

Mjemovat ofphasokorviffranps from nucUdc quids 

Sbrhns alkalii^ phosphatase {SAP) (USB) was typically used to remove pho$phcBryl 
. groups fnom cloning vectors to pdrevreot le^uvukoization eccozding to the maiiiJ&ctarar's 

tJiiless olherwise gpepifiedy FCR cosiditioiis usiiig plasaxdd DNA ss tTwrnplatig jt^ftiitfiffd 
udng 2 fig of plafimid DHA, 100 sg of each pamsi^ 2 |iL 10 mM dNTP mix» 5 pL 10 x 
10 T^4 pol^oBse bufibv 0.S |iL Taq DNA P<dymeraae in a total volmxie of 50 \iU 
C^ing conditions comprised an initiai denatoralioii step of S doninutes at &lIow«»i 
liy 35 cycles tyt9A^^t 20 50^ 30 «eo and ITKZ for 1 minute widi a ffcoal 
treatmetit at 72^ ibr 10 mimitae Ix^Eb!^ 

15 PGRs wexe pocfonned in a Peddn Elmer GeneAmp PCR Syat^ 96O0. 

^^P^£.ah^£ne tstf PNA Probed 

DNA ftagmente (50 to 100 ng) were irtwSoactivoly labelled with 50 (iCi of [ot-^^]-dCTP 
using a Gigi^aime kit (OooicwOiics). Unincorporated [ct-'^-dCTP was imioved by 
20 chromatogcaphy on S^phadex (J-SO (Fine) colunms or bficrobicispin P-30 Tris 
chrotndtogic^hy oolonms (BioEad)* 

Single ooloniea W6i« anal^ed inserts 1^ iuocm 

25 Jifmz) witb ^pnapdate antibiotic selecd0n,(e.g. 100 |;g6nL ampicUlin car 10 to 50 ^j^^nL 
tetracydiae eto^ and incubating the liquid cultnte at 37^ (fiKr .fi*. cofi) or 29^C (pat A, 
umq/bciens) fiir--16 hours widi sfaaking. Plaamid DNA was innified using fiie alkali-lysis 
procedure (Sambrook et a/., 1989» sztpra) ot using Tbe WizardPlus SV uoznipi^ps DNA 
pnrificadon system (Promega) ocQu^cnPlasmki Mini Kit (Qiagen). Once the preBenca of 

30 an insert had been detetmined* larger amoimts of plaamid DNA were pit^ared ftom 50 mL 
overnight cultures x^aing die allcali-lyais pcocednra (Samhiook et aL^ 1989^ sv^yra) ox 
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EXAMPLE2 

Petunia kvbrida trtmsfbrmiidem ^63 x Skr4) 
5 As described in HoUoon ^ aL (I993a» supra) by any otb^ molisod vMi kitcwn in the art. 

Itasa kvbrida itansfbtmaHoM 

As dissedbdd in U.S. PateoJt AppHcatLan No. 542,841 CPCT/(JS91/04412) or Robnoson and 
PlnocKEabady (J^enHa Harticulitime^ 55: 1993\ Rout et aL (^imtia HoriUadUirae^ 

10 81i 201-238. 1999) or Maidmnt ^ al ifiioleoAar SrmOr^ 4i t87-l94, 199S) 01c hy my 
otiiar method wdl known in tfie art. 

CBttrngs <^Ro$a kybrida weare g/smaHy obtained Scorn Van. Wyk and Son Flower Supply^ 
Victoria. 

15 

l^cmadanal Patent Application No. PCT/US92/026I2 (camAtion tcansfbnnation). As 
described in Inftmiatioiial Patent Afqidication No. PCT/AU96/0Q296 (Violet oamatioD). La 
&t at (AevTectftnorpgy 9r 864-'868» 1991)» RoMnson and Flxoozabady (1993, suprdi or by 
20 any o&er method well Icnown M the art. 

Cuttings ofDianihua txoyaphry&a ov. Kortina Chaoal or Monte Lisa wm obtained fiom 
Van W>k and Son Blower Supply^ Victoria. 



25 
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The anttiocyanidin peaks were id^otified hy rofeersncQ to known 9idzidai:id$, vz^ del^himdia 
or deLphinldm-based molecules, petonidin^ mahridin, cyaoidin and peosndiii 

■ \ 

PeHnda hyMda cv. Skc4 x Sw63 fkrvm wm hnrveeted at dewlopniental stages deEboed 
as follows: 

to 1 \ Ui^pifizzi^ntedf closed bud. 

Stage 2: Pigioesnted, closodbiid- 
StageS; ngnieatedbiid\nth.emfirguigoo^ 

Stage 4: Pigmcaitea, opened flower with acnttier intact (prenlehiscisnce) 
Stages: FiiUy<q;>esaedfIowarwithaUfln«hersde^^ 

15 

jFot TLC or HPLC analysifi^i petals wcra cdlleeted fiora stag© 4 flowers at the stage of 
maximum j^gmexit aoo^ 

For Koitfiem blot analyaia, petals wei^ flowen at Ifao stage of 

20 maximal exprmioo of flavoooid paliiway genea. 

Carnatwn . 

Dianthus aayCpl^^s flowcis wcro harvcatsd at darvelppmeiital stagiea defined as IbUowa: 

25 Stage 1: Closed bud, petals laot visible. 

Stage 2: Flower bads opening: tips of petals visible. 

St^e 3: Tips of ncariy pe^ exposed, "^^aint-bniah stage". 

Stage4! Oater|>e£disat4S*angIetostem. 

St^5: Flower fully open. 

30 
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Anthocyanin content 

. (A^o /34»000) y volumcQf cxtractionbufifar (mL) x djlgtion JBictor % 10^ 

massof petal tissue Cgr9m$) 

5 

Flmonpi intent 

(Ay^ /14300) X vohmieof egctmctiQii bufiter (mL) x cBIntioai fhctor x 10^ 
massof petaltuume^rams) 

Tnnscriptioxi of a tiansftetred gono was monitored by isolating RNA aiid estimaiipg tfao 
quantity and size of tfiB erxpected transoipt. NoiliiOT used to monitor die 

steady»state level of particular transcripts in petals. A traoBccipt was determined to be 
intaot or fidl-leagtfi based on tiie estimated size expected ftom the geme ufied. In" general 

15 when cDNAs were used as coding sequences die size of the transcaipt e>q>ected would be 
die s!» of the cDNA plus ai^ 5* untcanslated oomponeot of rbe ftsed promoter fi»gment 
plus wf y unHanslated sequence jCtosi the fkised tenninster fiastuent. In seme cases 
where a cDNA legioii comained a putative polyadenyladon site and fte tenranator legion 
oontstsed a putative polyadenylation site^ 2 transcriptfi would be delected. Ode would be of 

20 a size coosisfient wiib po]|ya4«»iylation ocraizing just downstmun ftom die polyadenylaticn 
sit© witbiu the cDNA sequence. The second trazwcad^t would be laiser and coosistent with 
the transcript bemg polyadenylated after the polyadcnylatiQii «ite wittun die tcsminator 

25 Total RNA was isolated fiom petala c«r leaves using a Plant BKAeesy kit (QIAGEN) 
following procedures recommended by the manufacturer. Por tose aampkM^ 1% (w/v) tVP 
was added to die extracdon bidfi^. 
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'S^^jTroon jfH^9if mi^pxumotnr 03 iC|[$iK>M;3id nMjcn^ suoiiRiixeo atasdsnsi) jo $;i9mo^ 
TOOg JGo (t £ soSw) BiBjad goo "Ctanjsd mog paiyBiQsi VKS pspaionr soib^ zfw^ 

^ siojiaa^ *aa2i9 iduoflauBJi popadm o) fiap|xk8 pus oqojd pensq^totpei 01 
oig JO iCjiAsfm aqi jo sunssow v sfeS VN^ ck> pspnxoEn soaM ssxdixi:^ xcu^i^Q^ 

pro (vraqromv) araiqinani Mt'paociCH 01 pousgsmxi sbal vN>I o^LL -sasBsioniioqu 
jGfax^ JO HSQin Xq popooS^p isdq }0a psq yHH <At) Scqixiigiiod ixi 9 

epicS B se pmn AxjpjssosS pniiosoqix ^qx 'Tt^ifAll oaptm postpnsiA. pne' dpiCDDOoq 

nmipiqjfl ipiM. pdinejs sbal ytsM «IL '(O'S fid) VXOH W» I'O umipog yipsi 

S *iO'L H<Q opoqdxnsdUffdoadowioqdioQx ypn 0^ SvppxvB^inoo Js^nq Suiizuiu dtnsn 8X^8 
qsoxbSb A//A %s-i/3pXi|3p[eiiuqj z'Z qSnooq;! pocS)Qjoqdc»pd[d osdM (9rl ^) tox^I^s vN3I 
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yn&i tiac abeeace of blue flowecs in many plant apecies sucih as Rcsa^ Gerbm^ 
Antifrhinmt, Dianthus wADendranthema. 

Ba^ an success m prodociiis d€ilphmi<iiii-based pi^pnenf* m a mutaat prtuniR line 
5 (JBollcm et di^ 1993«^ supra and Ihteniatiaiial Patent AppUcatkm No. PCT/AU92/00334), 
in tobeooo flowers C^atepiallcmal Pwent ApfdtcaEtion No, PCT/AU92/00334) and in 
camatim fIow«s Ontematioiial fttent A^iieation No. PCT/AX»6/0Q29«X dimte 
dumfirie potonxa F3 '57? genes were also intedaced into toses In order to produce novel 
d6lpbimdin<4»afted pigments and modii^ flower color. 

10 

Prmaraaan af chimeric h mtnia FS^S'I j^f^^^ ^u^tm^ 

A summary of proifloter. temMoator und oodine ftagmenis wed in the preparadon of . 
Gotistraots and the respective &blarai^atiQn8i8]ifitediil^le4.' 

1 5 TAKLB 4 Abbzeviations used in construct preparations 



ABBSEYLmQN 


DESCRIPTEOMT 


AmCHSJ' 


1-2 promoter ftegmeat fiom die Antirrhinum majus chalcone' 
aynthase (CH^ gene (Soivmer and Saedler, Mol Gen, Gmt,, 202: 
429-434^ 1986) 


CaMirSSS 


kb mcoiporatiaig B^H fragmmt containing the promoter 
region fiom the CauKflower Mosaic Virus 35S (OMVSSS) gem - 
CPrancIc 0t aL, CeU 21: 1980. Gailley et at, Odk 30: 
763^773.1982) \ ' 


35S5' 


pxomotsr fSragment i3rom CaMV 3SS gene CF:ranck et al, 1980. 
st^?ra) with an -€Obp 5* un£raii$)ated leader sequence fiom fhe 
pctuniA <*l<wc^hyll a/b bmdhig protein gene (Cab 22 gene) 
CHarpster^^A,AfGG.2l2: 182-190, 1988) 


chrysCHSS* 


promoter region &om a CHS gene fiom chii^aathmium (SEQ©' 
NO: 30) 



npnoicd jsjsuim pidi|Oqdis<K[d b mag: tio^Ssd jcnHmcra^ VPUfO^ 




ifZ 'Otl OI ?)aGa) (2661 *iw|Bi>say 'armoqiaK: jo 

Jo ll011BZp9f)£R3iI^ piIB TI<»|»[OBI ^OIJOH} »1»^¥ »/WfW*r JO (jO) 

aroS niai^oid js^sobxi pcdnoqdsoqd « im^ uoi9« isiocloid q^i^^g^ 




(pMm '6861 'tESnpiieo piro nassoGr; in pequasap) sMtot^twm 










,£SOU 


JO suss (sou) asatmiKs fimxedbn sqj. mag aoi^ai jeo^cniav j 




smpv/9Uim 'y JO owS 919 1x109 uoicTai JOieunza^x 


,£sxnu 






<686l *2i'l9 -^l '^SofosffUDino&joj^piBjj 'jk^wjbo inra nossimf) 
sT^j?s^»<»7 .>unF^;:'27^;a€^ jp 9x19^ inwi) dm^afi ^ndouxmin 
JO iraniBaiQ a^ovwod v uzcxg sioaiixisip :2aaii«x[ad t^wl moB 
S£€ APPK} ^^^''^ tLO|8ex joioinoad n jo Sutisisiioo JBafoiuoxd pp<|iCH 




(066T n8€-EZ,e =51 Wff "'F' 
omdottmeiK 919 010:9: laioiiiaid jo Soifsisnoo jo^occkvkI puqXn 






SQO 
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ABBSEVIAIION 


BESCBIPTION 




^.(9cb fi^agmeat oontaimiig the promote ragiQfi fiom a flavonol 
synthase (JLS) s^ne of P. kybrida 


short petFlSS' 


-2.2kb firagiDDKait ccmtainiiDg tho pjtomoter region fiom geciQ of 


petFLSS' 


'»0^5kb &*agRifiiit contaihirtg the tomtnatOfr K^cfU fiom FLS gene 
of h^Mdd 


petHfl 


PcCoDia P'i'i'ir igOf cDNA clone (Hotton «^ i3c/.» 1993a, ^i^} 
(SSQIDNO:!) 


petHf2 


Petunia FS'S^H qDNA olooo QOtohon /2/^ 1993a, siqnv) 
(SBQIDNO:3) 


peiRTS' 


Fixunoter rog^on of an aiiau><^ramd]n-3- glufiosid» 
thaxmosyltransftiBsc (5ii2> gene fiom hybrida (Biuglieray 
Cbaraoterizatioii of floral spedilc gen&$* isolated from Peitada 
hybrida. RMTT, Auscralia* PhD theidB, 1994) 




Tflaninalor legioa of a JJSr gano fitim P. h^wida (finigliesca, 
1994, 




^2.SI{3> fiagment containing tho piomotcr region firom a CfiCS^gene 
of i£i»de hybrida (SBQ ID: 5) 


SuRB 


Chloisulfbton^resistaxicc gene (encodes AcetoLactate Synthase) 
with its Qvm lennmator £roin I^tiana tahacum (Lee a/., 
EMBOX 7: 1241-^124g, 1988) 



In order to paroduce delpliuudin or ddlpliiddin-^med luolcculca in torn petals^ a mimlm: of 
Mnary vector constat were prepared vttilxsiDS petunia FaVTloDHA fiagmente and 
various pcomoter and temmialor frasmmta. The cbimaeiio petunia FS'SH genes had 
5 proved successfizl in carnation and petunia leading to dotect^le intact F3 '5 77 tninscriptB 
(as detected by Northern blot analyds) and to the prodwtion of dclpbinJdra or delpthinidbir 
based molecules pigments* Tabic 5 Bunnnartses the list of lunacy veetoz conatmcts 
containing petaria FS '5 *H oDNA fiagments^ 



«S JO ijq^3 «9pnpm )«({| Spiomoq ifejarf H.S.ia wfamatf a BinBjnoa (tt/tSif ^£6^1 

•S }o dqszi sspupoi 8o[oai0({ z/^cf j^,^,^/ vnmiad « snxBiDEoa wPdJODd pnuseid 
m •OMwnEiss t>etinnn3|nn .5 Jo dqzs *n>nipaj }M|» 9oioiinn[ i&feiwf fliiiCif ^nnpd 
« snieiQcKi l09d£>DiI pinmi* aqx smfpi VNCP HiS.&I iffe?*? •"inqfiid jpo fi9i>ioiiioq 

I -ON Cn baS) {iCpATjaadsor (g araSidi) Sil<3DC>d {me ainSid) JOSdDOd «i pMn«>noo 
Sfejatf^ pne j£fp9d^ HiS,(jX wantsd jo sdnop VNCP Jo itof»b8P»»o"«|9 P«b ooijbiosi aqx 
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,( sou :ifjji»af,S SHD»«^ 
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,S stmt :tia^ isiDj/f 








ZffMdOOd 


3{MSEE> 







TO Kg fr oiqpJL jo uopwmcgsuRjj enp ai posn siaai|suoo jogosA iCiraiq uj 

pdtxieiaao sgossroo nqsseidxa doaS Hi£i£d i^nxn^dd ouaemcqa iCiemnnis 5 an:S¥X 
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CtmarucdtM ofo CaP1303 iheO/fl in »UC19 beuAhant:} 

Tho pctnma F3*5'H cDNA clone contained in die plasmid pCC? 601 (desoibed above) 
CFiffue 2) itioluded 52 bp of 5' untramaated sequeose add 141 bp of 3' unttanslatod 
8eq:naM»ii3tdiidisgl6bpofTl»polyAlailTI» (Figuzs 2) vras fiistly 

^xaaazeA by (Ugo^on widx I3e restiictiiMi eodomictease iiQjHL The ends woe tqpa^ 
ao4 tfw petunia FS'S'H p&^fl oDi^ clone was xsleased tq»n digestioga widi As 
rcstricdm eadonudaase Fspl. The fijrpHI recognition Bequence encompasses the putative 
tcBDfllaticjn MtiatiDs codon and the recogBllian sequence wimnnqv^ 2 
downrttearo fibom the atop codon, The 1,6 kb ftagmo^ cootsfning ttte petonia FSTM 
p^iHfl ciXKA. clooa was purified and ligated with i^mired &»RI ends of pUC19 (New 
England BiolaOis). Correct inBcrtton of the fragment was established by Tcstrictton 
endonuclease analysis of DNA isolated ftom ampicillm-KsistBnt txanafbammta. The 
resattinfpIasQiid was dcsignatfid as pC(3P.13Q3 (Figure 4). 

The plaaodd pC(^176 CHoltom et al., 1993a. sttpm) (Figure 2) was digested with the 
iwtricticm endonuoleaae ^ and JScoKL ends were then repaired and aUowed to 
Kd^gste. The resulthig plasmid was designated as p<X3P627 and contntned the identical 
oDNA clone as m pC(a»176 except flnt fiat lestxiction andonwlease sites PsO, Baaim and 
Smal were removed fiom Ifae nudti-oloning site of fee pBIu^pt vectar at the 5' end of 
the cDNA alone. 



10 



20 



The bmi«y vector 0CGPUS2 fAmCBS n^in fl: j^ft 

Ihfi pln^mid PCGP1452 (Figore 5) contains a cbimaerio petunia FB'5'H (petm) &a» 

25 «nd» the contn>l of a promoter fiagmfiHtfisomtfte^/^^ 

gene (CHS> (Sonnner and Saedler, 1986, srjpro) with a terminator fiagment fiom &e 
petonia plwsphoiipld transfec protem (POT) gene ipetDS 5) (Hblton. 1992, stqn-a). ITie 
cWmaElfi pefamia F3'5'H cassette is in a tandem oriautation with lespect t» the 35S 5 V 
SaRB gene of the binaiy vector. pWTT2132 (DNA Plant Technologies, USA - t)NAP) 

30 (iragBxefi). 



-iwr- 



picnsBid 9i)x 'smeuccjsixBJa ^iz^isaMinioiiCottziai 1x109 P^I^^r YM0 piiiise|d jo ffisuCfime 0£ 

SYF 5«» 0^ 495*91 ipwa. uopoiTOUO mepGc:^ 'b m %xsstxiSj^ aqj jo hdj^^^ot loauojj "(d[VN<:D 
*JOWOA Xieniq oip jo spoo ipse^ t^^tm po^dSti sbm. ^oamgt;^ q:? I»5t»aa oqi 

JO VLO^;Bsl3ip uodrt p9?e9pt srva gwe880 ,f yQjarf "lAl^ SHD^V Smraeinoo %z 
lirainSKff qM ST V "SSfdODD^ <n (O66I '9i^-69Z ^joiQ ^x^pmfojv piojj 

OZ 

'd ojtSt^ StXdDOd pa33Bii8]8ap sem 
,^&A aia(X{^4 CVSQ "dUidSvpsxis) SS H icip^5ra|e^ B n; pxuise|;d oqx "uopoo 

iT.T.7c[ jo^yfjm/^ cpi i'O ^ (n/dn^ ^9861 "ii^lpo^S P™ Jauroos) tiOTi»piiir tn)i^B|stmi| 
JO 3)18 aqi ,5 3COU23i$i9 OTaS j-jcg;;) snfmi ummtfj^iuv qpl n ' uo©^M|sq djnSy) 
*B£66i '72? i» TOflOR) EOMOOd ^0:5 vsotiSb^ QJk^ HS*£d ^pj^iod idsj/jjaff 
q3{9-x dqs Saxoop iCq pairajtsuoD sqal SCP^^ iotmi|aosi JX7dr i3Tim|E»d ? ipiM. JOiocnaKl 
Of SHO^V) SHD Jf^^/^w vmtfitfjd^uy xo^ujoo ^ ispm snoS fJ^StS^ BiniL^d tjuamnp v 

01 

^oooatibofl 

oqi pue ^xxdfoSesa Jdiomozd « ^ nasuuidq papci[0in sf (8861 *06T-Z8I -Zl? ^ODPf 
^p> $d osEisdiBH) (skbS xZ <!PD) uieiaM Sixipniq q/« niC^tdorapp mcrnodd cn{i mo? 
Mnsnbas xj^^ poispnieivm «^ dqi^ av -(pui^v *886l '7^ oaosqcxijQ 90901 WP^ 

dqi lOOQ nffssQ (snv) cmq^o/Cs otms^o^sw 2<9 Masnbas Mmmsw^ pro ac»3ax Sinpoa s 
sq^ q;iLVi p^G!Si[ '(ludpi^ 'O86I ^7^ ^ ^ipni^i^ doaonbds jra^oiuoid «f « jo pdsudKUGOO 
ouaS opsunip « snninoo (9 dsnSt^ (dVNO) ZEIOLXM^J ppuscfd loqo&A Xiraiq aqj. 
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Pbaatnmsformatlon u,U h afrnPTdin 

The r-DNA contained in fhe Waary vector pksmid pC<3P1452 (Figut^ 5) wiw introduced 
iito rose via 4^2i0c/ern£m-in«diated tx»^^ 

ITie ptesmid PCOP1453 CFSgnre 8) «oo^ 

1I» control of a jWae piomotec (Qanai.ef <ri. 1990. ^ra) with a twmiiiatar fiagment Aom 
the mninopbie sjufhass geii« <ii Agrohtxtartim imas J^. The dmiuaic; p«taaia FJ/JH- 
eassette is in a tmloa bdenwion with 
^sette trfihe hinaiy veetcnr. pWTT2l32 (DNAF) CPI^ira ^ 



A3J>ka» firagmeot oontehnng (beMac, petHJ2: ntas J'8e«» v^nBidcascdftomtheplasmid 
PCGP628 (described in Iiitemati<hial Psteat Appttcatiw No. PCr/AX3S)4«)a265} upon 
digestion with the restriction endOnuolease Ps/L The overhmigiag ends were icpaiied and 
thepnrified fragnim was Hgaied with Smdl ends of pWrT2l32 (DNAP). Coiteet insertion 
of the j!/«e;^ei£5^/ ^' gsno in a tandem orientatiaa wift respect to fhe $SS S': &tRB 
nOeeUbUt marker gene cassette was established by reirtdction cndonuclease analysis of 
plaamid DNA isolated item teiiac3>clhM»esi«tant ttanafoimnts. lie pla$toid was 
20 dostgnated as pOSPUJS {Figom 8). 

-Ibo T-DNA contained m the Waary vector ptesimd.pC(»l453 CPignte 8) was tetrodueed 
into tose via A^robaaenum-me^sted trana&nnation- 

25 



'nr 



■ 



ipso JO J3(umtt& TOO •saqnnjur^jjqjQ^ ^spcuooaa 0£ jqp Ck^s '^Jiu uiym i jcgp :saDp;paoo * 
SmMOii!:^ 91^ Stntn sdoni qz vap^ toal motpoox 01(1, XB^xuoAQuiq) sniipBpi 00^ Stqsn gc 
psipfyn emaadam pen ipo i«mmii jo 'pri os qjpvk pispaAO ax>AL sanqoqin ixopOBsa 9qx *(stWO 
- Tjifsifm £) d$Bs»ai^d trex Jo irl Janzpl i{9M jo fioiomd 0$ VNCI 

JO 9rl i> •»at joi^ ypn- CT) ^sniao) Jt^q aDpBogi[diR\r x x Sraujeinoarirf os Jo «aniOA. 

9ip 11x09 paSBfOBi 890010 9ip idpoe^ notsoodbnfi 9@eqdjo irl ^ Siqsn nxoiSw: aojqpi 919 ssom 02^ 
*&»aTOi3»g ouseS ^&n*™ P^sci ojraAi (L-Otl GL t>HS) tolVSKttOfV5XDVJ£>DXYE3fV^^ 
lE .S) cShO Pa» m baS> (XyVDVlWXVOVVVDOVODiIOI^ .£ «n iS) 

SI 

jw9»m: 9ip m VKQ SDO "ao optdq^ tmaija^ mag: pa)iMU)$aCK> bba iCiscKQi VMQ oiitoubS y 

•(9 aaSfd) (dVHd) ^EIZJiA^d 
itfw^ HSi€Jf spmsd opewUfqO 1? suxbdoot (g amSi^ iStldSXyl pfoisreid «xil 
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The gonomie cknif^ X0aB-2.(^ oaatmiteA a 3^1* JBwI figment HM hybridQed with 
<he cDNA. This Jffl«a fiE^awnt was 

pBIuescdpdl KS- (Strataeene, USA). Restnctim mappistg of ftis ehnie x«vealed aa iHt»»»«i 
l^sd dte 359 Isp Ihm ihe 3' aod» Howewr, flie "tart 

iotsmfll sear ft» potathre fiudaliiig "Arc?* of |]m codBn© i^ma (a{)pn»dinatdy 1.5 kb 
fiom its 3' en^. Tho difl&nnce m flu poaAiCia of tfae aito in bofli olones si^gosted that fbe 
XOGB^ fivsmntf not ocstmiSn tho ^ole senodnio aequenoe of ZW. A Soufliem 
Wot WW petfenned on «^ digested X0<^2.« DNA. and a ftagmeAt of 2.7 1* tw» &utM} to 
hybridize willi tiie D8 oTOIA. Reetdcdon eodatwdease nuvpiog ooofitmed tbat titos fiagmAnt 
CTBrtaiiiedlhcS'oodioeiegiomandflflalHw^it^ . 

Bi csrder to obtain a fiagment containmg fiie whole £>8 genondc Beqacaoe^ a nnniber of 
15 okming steps were undertaken. The XOGB-2.6 PsO. jfragment of 2.7 103 was potified and 
Ugated wifh Ps& aads of pBliiesoripai (SttatagBne, USA). The cesubant clone was 
dig^Bted wifh.lS«tf to lemove lho 350 bp iW^I ^ 
the 3.9 Kb ,X6aI fra^^nant fioau XOGB-2.6 to piodwe the plaamid pCGP382. 

20 A 3.2 1d> fiagmettt eontanung the promoter r^oh fiom the J>8 2.6 gene in pCGP382 was 
nsleased npon digestion widi tHeieafrioiioa endoaucleases Hiwm and NeoL The fingracnt 
was pnrified and ligated with the 4.8 ld> NccS/hSHdm ftagmeot of pJBl (Bodera, 
Mttlocwfar and genetio xegulatioii of Bionze.2 and oOnr maize aidiiocyanitt genes. 
Dissertation, Stanfiwd Univeisity, USA, 1994) to pix)dace pCX3PllOl eantamiiQ a 

25 petDas': QUS: noa 5'cass^te. 

A 1.6 kb petunia FSS'H petHfl fragmeat was released fiom the plasmid pCGP602 
(ttolton Bt al,, 1993a. st^a) (SEQ tD NO:l) (Figare 2) upon digestkm with the testtictioa 
endomioleases Bspm and BamHL The fiagment was purified and Hgated wffli the 6.2 to 
30 jVcoMamHIftagmentofpCGPllOl to produce pOQPl 102 containh«a/»ttM 5':j^J3: 
»05 J' expressioii cassette. 



riir 
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asBqimCs jomavq etotQOd snsmSaii jEsjoaicxid n jo lOiimoo ocji jofiim 

owS (x^Fjf^ UStSJ mnqod otenuqo « sntefood (oi ^nSH) I9^1d00<l pnztsnid oqi 

ST 

0Ii)]B|98i9B ff2F^ S^i ^ 01 303d8au[ ippA wpw^o lo^jnzGi 13 m subS,^ 2<P^ 'lAlP^'^ 
eqi SnniiBiisx) idoiuSvcqf 43[ ^ paxi^doa spod SmSaeipaAO aqx 

S 

pnnsttid sip oompoid ZO I IdOOd jo spro jaS^sUBf^S PW^H IH«wjaveTdDO<* 
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Xnt0rme^uttes in ihe prepamdon ^ binary vector pC€SP14$l 
Isotattm ofp^unta JFLS 

JPr^fnmid^fn 0fP, bybrida m Th7gmomic ttbrary 

A P. hybrida ev, Th7 genomic Ubraiy WBs ptrepared according to Samfaiook et aL (19S9, 
5 sitgpr^ uflxog a Azu3A partial digegtion of Qie gettoiioiic DNA. The pardally digested DNA 
WW doned into EMBL^ buribda veetcxr (Stnrtagenio, USA). 

The Th? g^oamic DNA library was screeofid with ^^Ijabelled ft^qpaents of apetuxdA i^Z^ 
cDNA dona (£[ofton aA, />&wi/ Jl 4: 1003-1010* 1993b) ubias high stringency 
10 oonditioQs. 

Two genomic clones iFIJS2 and FLSS) w$te chosen fi»r fiirther analysit^ and &und to 
contam sequesices upstream of fhe put^ve Imtialing metfaionme of the petuma FLS oodiog 
region with /£i52 coiitaining a Icni^ 

15 

pCGP48S 

A 6 kb ^gmcnt was incased iq>oix digescion of the genomic clone FLS2 with ihe 
rcstricticm endomxcleaBe XhdL^ The {ragmiBtal contaiximg the sboct petunia FLS gene was 
pmififid and Hgated with^Xidl ends of pBlueacatipt SK (Stcatascsne^ USA). Cotxrect Insertion 
20 of ihe fiagment was atabfished by restiictLon aidoniicleBaB analysis of DNA isolated fiom 
ampieinin-wjristant trandbimanls^ The resulting plasndd was dea^mated as pGGP4S6. 

pCGF487 

A 9 kb fiagmant was released ttpon digesticm of the genonoo clone FLS3 wifh the 
25 lestdotkm cndoaxucleasc XhoL Tha fcagnv^ containing Oie petunia FLS gme was purified 
and ligated with J^al enda of pBluescript SK (Stmtagene, USA). Cdrect insertion of the 
fiagment was established by re$trietton endomick^dse analyais of DNA isolated ircm 
ampiciUxn-^ECSLatant tian$jbiinan.ts. The resiptlting plasmid was desigEiated as pCGP487. 



iZWDO^ l>nii«9[d sip iiK>5 prae^iM s^ak OTop VKOP ilfw^<^ HiSiSjf ^jamad ^iji 

sa^[9TiaDpa& uopsxiiBai ai^ 1^1% pev»9ip wai (onpoid ijjM oiqx '(ei^ON <II bHS> Ce 

T^iriaKs^ uoiSS9iHix9,f^j[f^:,§; sng^UOHs) ftPJ&ti^J^ Mdi^ujfsue^ 
'9lL^O^ ^ p9:i:raSi8dp piax^d Siii(]ii5ax aqj, '^^asnxic^sizBi) ^oe^sisej-ufxiP!^™^ SI 

i{9|Ai paii^ poe p9gmid se/A. pai^aausS lusinSeij: sqx, "pi?^ pus Tnpwjy SdSBdicmuopqa 
iiDt;otq«dJ «q:^ q;^}^ xropraSip nodn ^st^dDO^ pitnsexd din ^ik>9 pdsissidi s^al 9)is db}s 

^uinpidxae mo^ p9C|S];mi YKfl! JO sn^iBas oss^simiDpiid laioifaujsu poi{Bt[<|B}8d ma^ 

tgiAL p9|ii9i[ pm po]gFrmd po^stssdraB iimvaSn:^ eqx 'pjy pra i^ji^sT e^apnnopaa 
nopioixisaj oig ii;cm. uopsaSip uodn iJS^iQQd pmmid dtp xciag posnsdj^ seM 
ooiispiaT piuipeifiuEE^ QAit^d 8^ CEKKg TggQijsdn tromffgtj .tfttomoid Slid ^itimgd qpi ^2 Y 
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fi^agment generated was ptkiifled and lighted with CM (Krpaired &DidB)/Nc&l 
cxtds of the plastnid pCGP493. Coxxoct insdition of tbe fingmaat waa estaUishod by 
restdiction endoauoleaBe aoalyBis of DN^ isolated fiom aovSoilfinriwbtait temnfonnantR. 
The j^sultlngpbeinid ims de^goated as pCOP497^ 

5 

The pla&ndd pC0P497 was Uneacfsed upon digcstioa wtlh tho icstxictiaii candoniicleage 
&2cl. Hie ovediangii\g ends were rcpauxed and a 435 kb fiagmect ocmtaiidng'fhd short 
petFZSS': petHfl: petFLSS^gsne eocpte«$iOE casa^ was released trpon dlsesdon wids the 

10 restriction endonucleasB Kphl. The fta^nient ganecated was purified and ligated with PM. 
(ends repaiied)/i5?iil caids of the binary vector pWTT2132 (DNAP) (JFigme 6). Correct 
infiertion of ^ firagment in a tandem orientstLon with reepect to die 33S S*t &4RB 
selectable maxkcr gmo cassette of pWrr2132 was established by restriction eixdomicleade 
analysis of plasmid DNA i$oI$ted from tetracyoline-resistmit transformanta. The resulting 

1 5 plasmid was designated as: pCGP1461 (Figate 10). 

jWmijf ira»sfonnafiaA ivtA nCGM46l 

The T-DNA contahied in the Unary vector plaanu'd pCGP1461 (Pigaie 10) was Intitiduced 
via if(sir4>6i3Ei3ter&cnx-'niediated txaoafbnnation. *> 

20 

IhebiiUirvvisaiori^CGPI616 foeOtTS't ndHfiz rn^^n 

The plasmid pCGP1616 (Bignie 11) contams a ehimerio petunia FS'S'H {paO^T) gene 
under the oontrel of a promoter fiagmfiot fimn &e P. hybrida 3RT gene (petRT 5*) 
(Brn^iera, 1994, si^a) witibt a tennisatet &a£pcn«t from the nopaline ayntiiade gene {pos 
25 5*) QfAgrobacterium (Depicker, et a/^ 19S2, stipra). The ohimenc petunia F3*5^H cassette 
is in a tandem onmtation with r6q;)ect to the 35S S*i SuRB gene of the binary vector^ 
PWTT2132 PNAP) CFigus^e ex 



uopsjoopo laspm^ ia m si e^peemo jitSiZd eramdd dp9Ui}qp diix iiinjJ&jooqaiSfr jo 

'jsnpraQ pcta» nmnxef) lOTIMT^^ ^ p9)(ii«)iioQ aq|35S«o nofSBSiidn ain jo loiixioo dip j»ptcm 
^8 (j/b^ BtSfS^ -smniod opomnp « smnyiiM (31 oxoS;^ eS9ldDO^ pnxisin^ 

•(II 

mspm « TO Kmsa&vjQ oqi jo tWrtpasiii psauQO -(9 ©mSid) (JVNO) ZClZlXM^i Jo 

izoiiopqsm oin igi^ nDi|«QiStp nodh (n^^ ^661 ^H^S ^ poqposgrp) 9f»8£>Od pmzsexd oi 
sqi mag: poseepz min snosseo sou -SXVP^ oip Sinuiiiiaoo iiiiBm8ui| <L3[ £ V 

^tudns 'f^5X ^nSiuH m paqgassep s« 8«m rnnmpd sig JX|» &8jq{[ ouuuusS 

im ^ JO dupraoiDS 'CVSQ "raaSBTms) lap^A vpqqx^ S-aHPMH <3C|ixi pmxop sua YMd 
poisafipp ^ipBdoqj, "VKQ apnouoS sif^ uoiisisSfp lepied y^nvg i& Smm latidte ^6861 9 
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XnUrmedkUis in ihe prspartOion &ftke binary vector ffCGPl(03 

The -1 .6 kb fragmesat of the petunia PS*5^H pet^fl cDNA done contained in th0 plasmid 
pCOP1303 (Pigiire 4) was released upaa digestiodi with the ra»$tnQtion endonucteBses 
BspHi and Sm€iL. Hie petunia FJ *5 'Hp&iHfl fbagmetit purified and ligated with a 
5 kb NcoJ/BcdRl (r^aired ends) fragment of pEIWIlOL (Jansflen and Gatdtxer, 1989, st^rd) 
tcy ptodiixio plasmid pCGP1619. 

A paxtial digest cvf the {ilsBmid pCGPlSlP with Ihe cestnctlon endonuelew JOuH rdeaaed 
^ 4.9 kb fiagment contatnhig Ibe mas/35St petHfl: 3' eexprasdon cassette. The 
10 ftagment was purified'snd Ugated with SoH. eoda of pWTT2132 (DNAP) C^fgiire 6)* 
Gotreet insertion of fiie fiagment in a tandem adoatatioa wifii xeqpect to the 3SS SuRM 
aeJeetabto marker gene cassette wa$ established by rescdctian ^nodonuclease analysts of 
plasmid DNA iaakded fiom tetzacyBtine-ceustant tcansftaomants. The plasmid was 
designated as pCGPieZ3 (Piguic 12). 

IS 

The T-'DNA ocmtained in the bin^iy vector plasmid pCGP1623 (Pisare 12) was introduced 
into rose via Agrobacienum-mcdxtd^ traoflfomiaJion. 

20 The binairv vector oCGPI638 f3SS 5V nelHfl^ ms3') 

The plasmid pCG^l638 CPigqxe 13} contains a chimfiric petiiftia F3^5*B (peOffl) g^e 
imderfliecDnttolofa ChMT 555 promoter (55557 with an octoiibie synO^ 
ices 3% A ^0 bp 5^ untranslated leader sequence finm Ihe pemnia dhloniphyU a/b binding 
protein gene {Cab 22 gene) (Haipster er a/., 1988» ^m) is inchided between the Ccd^V 

25 S5S pmmoter fingment and the petunia F3 '5 'Hpe^Sft cDNA clone. The chimerio petunia 
F3^3H cassette is in a tondtnt ocicxitation with re^>oct to the 35S 5': &iRB sdectaible 
maticer gene cassette of the binary veGtox^pWTT2t32 CF^;i]re 6). 



mopuEi e m raaS «)o :fj^sd S€$ din jo xiofpaasnt liiemoo "(dVNOC) ^CIZXXA** 
psupsdbJt spw ^qx *TSPOg[ pnie rasBsianno]^ uotpujsai oqt quiiAi 9£9Td[00(i JO 

Qopop^saa poqsjiqwifis rm. trnmSto^ t/h^ H^S^Sd vmzqad ovg jo uoTpssni isxatuvis 
q3i9*x-^ Smcipisati oqx IJC^ pm wdSgg BdSBspcnxopuo vopaixisaj sqi lucwk nopssSip 

9£9Id[S}D^/^ uojpmjusuoo 
9tqiioi9 JO spas m^off/jjjj^toff flftp ipi/ft p»3&3l{ pro pojepis} usir seaw tiZlAOD^ 01 

•(vsa *«wfiiws) (+) n 

ppxzs^ld 9TD JO gpm JP^miP^ (t66l 'ie^-SSJ :f ^V^^ss^ ofusSffuo^ 5 
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telracyoH£iA*'resist^ translKmnaxits;* The plasmid ds^ffiabsA as pCGPI638 (F^inre 
13). 

5 The T-DNA contsined in ^ bbfliy veclor plasmid pCXIPliSS (Kgnna 13) intioducefl 
into xose via ^gro&»tfev7uiM-mAdiated trdii^ftnnatioii. 

Tftg torary tweeter niXfPlM ^ f^^qrr: ^ 51- oetJStls »»s3n 

The plBflmid pCXjaP18$0 (^Ngure U) contattm ft dbdixmic pctcmia /^3'5%f (peOs^) gene 
10 under the oontrol of apramoter jSragmezit &om the dkdicone synthase gstie of Rasa kybrida 
{Ros^CHS 5) vntH a tenninator &agme(nt fiom the nopaline synthase gesie of 
A^mbactenum (nas 50- The cihimedc pfitnoia F3'5'H cassettd is izi a tandem orientatioii 
with respect to tho 35S S^i SuRB selectable macker gene cassette of the binary vector^ 
PWTT2132 (DNAP) (Figure 6). 

IS 

JbaemwOluies eh tkeprepamUm of the bmury veetarpCGPJS60 
Isci&iion ^fRasB CBS nromaier 

A rose gmomio DNA libraiy "Sfm prepared fiom genomic DNA i^lated fiom yontig leaves 
of i2wa i![K!&rnftz GV. Kardii»al» 

20 

TheKardinidganoimcDNAUfarary^^ acteendd With ^^labeQedfti^ctxtof rose 
cDNA clone contamed in i3dr plaaniid pCXjP634. The rose CHSaXSiHA chma wis isolated 
by scrccniJig of a petal cDNA lihraiy pix^wred ftam RNA iaolated from petals of Rosa 
fybrida cv Kardinal (Tanaka ^ aL^ 1995» siq^rd) losing a petunia CHS cDNA fiagment as 
25 probe (clone IFJI oontamed in pCX3F70l, described ifx Brugliera e$ al, jipra). 
Condituma are as described in Tanaka ei al.^ 199S (^ra). 

A rose getiomic ctone (ros&CtSI20)^ was chosen fbr fbrther axialysis end fi>und to coi^n 
'-'BA kb of sequence xipstream of the paladve initiatiQg methionuic of the rose CHS coding 
30 region. 



OS 

Xq p^Fiq;^ s|D3iizSejg sou pus jp)oxttC3cid s:?;^^ ^ xic>diAqpq ^nanuS^ 

ptre psgimd ^roraO^jgi ifnt^d HiHiid oijx 'P^'S' IH^a* sdMoxontiopoo 

nopoTxisai OTP ijiwi )C]P0f3S93!p nodn (tr oniSi^ (AAjoqe poqmrap) COCTdQO^ pmtsiqcl 
mag pomiox «9M )Xi9niS^ (j/Hf^ Hi£*£d ^ptnidd 9q;i gu ^ aiB^u oo loovoS^ q3[ g*i y 

y> «»/C|]BciB 9siad|cnaOpciQ txopopisaii poijsiiqBisd sbml Moentos aix|poo ;S/h!> 
aiD JO tusaisfldti ^ram^ je9(}oiiiQnIs2£:> dsox dinjo oopidsin ^aaixoo *Ba.TOixrShsg^f sou poe 
(Sn£)) asapmaiooniS-^ ^aocp|2mq io|ima Sunxramoo (midsff ^661 ^nBOpog) Iflfd nu>9 

$QS«di9nxiopcea uoti^p:^ aip qjiM. uopsoffip uodn ptllJDCyJ pjtnsBid ^ tuofl pastsoioi 
wsijA Cf 535Daroy) jajotuoid ossqjo^is ^ieoct^ ssoj Sumi^jmx) qpi o'£^ W 

tvivsxi p9CHcuja|9p sBiUL qiimiSeJS jeiouioid osoi sq^ jo octxmtes ynq <9qx *9T i T^O^: 

P«I«I«! VKajo Bi8!«TTO8 d3Baip™opu» Tuionopisai: ^p«wpHW89 in»ni8Bflr J(«K>ouioad 
^ uapawDOf |!»woo '(sqWiH piwi»uH awjn) 6I0n^ *P*» l^^/plP^ 

pro nB»fl!flr 89BBe|OTOiopno uojiayciMi vffUA pQisaSjp tlllfi>0<l pn»fl«ld aqtl 

>IlIiE)Od w pd!SBuS|09p SCM piCDSEid otji pra (3Ttt8»wg) C-^) ga[ jdpassniad 
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Const^m^n ofoCXSPlSee ntasitc m S'.- aeaip. ^ositjna binary ^ctn^} 
An -4^ kb fiagment contaiidiig tbsiloseCHSJ'.'peiS^: nos J' <»s$«tte was released fiom 
the plasmid pCGP200 upon dtgeadon with the restrictioo caidomiclease ^gfll. 
fiagnwnt wm pnnfied and Hgated witt> StmOil mU of tibe binaiy vaetor, pWTT2132 
5 (PNAP) (Figme 6>. Can«ct.iii8eitk»i of die ilntement in atandsm Qricatatidawitli n»q>ect 
to tbe J': flkW? sdeotoble nuritsr gpue «»9ette of pWTX2l32 was estabh'shed by 
wrtnction eodoouclease analytis of plasmid DMA. isolatad fiom Itrtnoydinfrnsiataiit 
tcanKfommnte, The rcsatdog plasmid was desii^uied aa pOOPlSfiO (Hgnrel3). 

The T-DNA coataiaed in the biiwiy vector plasmid pOGPlSfiO (Kgun 14) wa« inlEoduoed 
into rose Wfl 4ff«)i6acter«um-iM 



15 



20 



25 



30 



Hie pWd pCCa'2123 (Figure 15) comains a chSmaric petunia FS'S-H (petHfl) geoc 
iinda the oontiol of a CaMV35S pnmwte wia a ten^^ 

tandem oriBDtetim with wspcrt 
Iniuiy vector, pCOE'1988 (Flswe 16). 

JnfmHeOaita in Aeprtpgnalom 4ifatcbiiunyveeiotpCGF3i:S 

The binary vector pCGP1988 fflgme 16) 13 based oa Unaty vector pVm2132 (RNAP) 
(Piguw Q but contain* the aniM^loiring site W pNEB193 (New a^and BiQUl»)u 
plasmid PNEB193 was firstly linearised by digestion with the restrjctkai c»doiinel««ae 
EodBl. The overhanging eoda w«rt repaired and the malti-idoning fiagment wa« released 
upon digestion with the leatrictim endoimeleaae P^h The fiagment waa purified and 
flgated Witt Saa (ends repaiiredyAtf ends of the binary veotor pWTK132 (DNAP). 
CoiMct faiaertion of tfao mnlfi-clooing fragment into pWTT2132 was established by 
HWriction endomieI(»se anafands of Dlatoud DNA isolated fiom tetracyclin^reaistant 
traiwlbmiBiitB. IlierwidtliigplaKmid was deal 



■ 



ifdi^H^d iq snf9ii ,g Jg/gwy i^g/JW ro; 4dlSJ(Ol>^}^ ti^ikn9Uo:y gz 

uotpnysu 019 tp|M. ii0p99^ ^tP^ pns ^pao SuiSaeiiiiaAo jc jnscto 
P^^nc:? 'ISP^S osespnnopDa uoijdipisQf aq;^ tppu. TOlIMrs^l ppnsBid dip StrpsaSip ^psiff 
jCq paiBiOBi mAL (ueto ^6861 'Jsapxeo pas xmsimjf) lOIIAVIS^ i^cr^ xmxuSB^ «90 aqx. 

(^c^fi>sk>it|ir<' *7 Wg^^^ |w«^ ,f S^fAnmj SOIZdDO^J^ uopsmApmaS 

•OOOSCOdaBpsxrmiSpBsp oi 
seM ppuiRid 'ft^innmcysQBn :|iia|fipaj''Bcn|t»d^ oiog pGqeiosi vk<i piot««id jo 
msiC[BaB aBB9{oniiopaD iiap0pifisiiCc|paT^[qe|Sd |ei9e03v9 asf^ jo noTtJosm lo^ucoo *2I8 
^duontqgdiQ^ooA oqj: jo spra Tfsjffoqx qjiAV pa^tiSii pma parotid sum p^ueii^ ^cesniaH^ 
^PIJE'th' wu, -psPcf piiB jp^ n&^us^t^maspm iiotiop^ oqi i^im ttotideStp uodh poseapi asM 

*W0q3peq (vsn 's^^tqiei^is) ys t&iOi^ia^ ^ ^ :(iiafixiSB:g: je^oinaid si£ (AP^D) 
opm>ui la^ioHiinBo « ginm«j0OO pymsqd ajmpQinisiin bb sb>^ OOOMO^d pnraBid sfqx 
{iifyuwnju^ iq fmtA^JlM^miLkd g^^A J^i^) ^Zd^^J^ wpifimu&j 
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rcpaitedyScoRV ends of pCQP2105 (described above) (Figure 17), Correct ii]L$ertioii of 
the firdgmdDft^pv^ established by resbictioxi endomicleBse analysts of plasmid DNA isolated 
&cm aiBpidiliti*^89$tant trsmsfiiimautB. The plasmM dwigp&ted pCCP21Q9. 

5 Can^ucOim ^oCGP2123 /CaMV35S: neiSi2i ots 3[htnmrp vedor} 

The CaMVBSS: pGtHf2: aea 3* oasaetto xdeased from pCGP2109 iipoii dsge«tioa ^th 
• tfa^ testriolion eaidomibleasQS AspllZ wlXb&L The ovqriianfflng ^s>^ "vmm rcpfuved and 
the zcsttltant ^3.7 kb ftagoiecit (Mmtaiiimg the CaMV 3JS: peU^: ocs 3' gene was pmrified 
azid Hgsted wbth repttiTed ends of .^iq^lB of ffae bmary vector, pCGPi9SS (Pigm 16). 
10 Correct insertioii of the CaMV 35S: petS^: ocs 3* $fine m a tanxtan oriettlaiion widi- 
Inspect to the 5 SuRB sdec^ablo xoarker gene cassette was estalilished by restriction 
endonuclease anal}^ of plafiinid DNA isolated fiom tj^aoycline-tesKStant transfbnnanta. 
The plasmid was degignated as pCG:^2123 (Pigufe 15). 

15 Pianttnm&fyrmalien with oCGP2123 

Tbe T-DNA contained in the binary vecDor plaaoud pCaP2l23 (Figure IS) was intfoduoed 
iiHo rose via Agrobacterkttn-maS&aiQd trmafbimatiOKL 

EXAMPLES 

20 Annfysie ^^fon^enie reses 

Tlie tcansgeeio xosee produced in the expeiinuaits deacnbed in Bxamplo 4 were gnmn to 
ilowedtts.nowens were collected and th^colora of fhepe^ ooded uaSng (he Royal 
Hdrliettltinal Socie^ Colour Oiarts (RBBSCC). The aziiliocyasiii9 were extracted and the 
ftothocyaxiiidins (specifically the preBenge of dotphiiHdm or de^himdin-based mokculea} 

25 analysed by TLC and/or HPLC analysis. Total RNA was also isolated ficom petal tissue and 
Korthem blot atitalysis was used to detect transcripts of petunia F$*5'H tramgenes, 
endogenous tose CHS gene aod SuJRB transsene. The tesutte of l3ie transgenic analysis arc 
summarised in Tabic 6. 
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jQ^IA. number of transgeaDdc events ia whicJi int^t F3 *3 *H (pe^ffl ox 

/>fitf5^> transcaptB wei^ actected by 
petals over ^ total number of events analyzed 
^ 1- I>cg]r»dedtr&nacrtp1&ww<IetectedinSoftb0 34 
5 ^ = Degraded timseripts were detected in S of 11^ 

3. := pegradedtranscdpts were detected ID 8 of &e 12 ania^ 

The fact that no intaot pcrtunia F3 "5 'H (petSp or peUHfl) transct^ were ever detected Cn 
( ^ tiansgenie rose petals tnuasfoimed wiOi Hio T-DNAs d<sodbed (Table 6) suggested a 

10 Dumber of possibilities: 

1. -ftiat -ft© KNA isolated was degraded. This was not the case as the R3MA. had bcea stained 
by oQiidiiam bromide and visualised uixd«r XJV-li^. The tutact visible ribosonud KNA 
bands were used aa an indicator of the qrolity of the RNA isolated. Furthermore the . 

15 * det6(?tion of fiill-lengCh transcripts of the endogenous rose CHS and SuSB transgenes 
coufiimed tbiat tbe i^AptepajratiOfn 1^ 

2. that theoce was lio initialion oftrsfisctiptioii of the clmneiic P3*5 'H geues evaluated. This 
was a possibilily witk some of ttie e)i^»U>n cassettes analysed, as so FSr'J'H transcnpts 

20 were detected by Nora»n analysis. However all of the petania P3^5*H expression 
cassettes bad piovea to be fuzSuetiOiiJd result in an tnlact transcript and rosiHt in the 
' productioa of delpfamidin-based pigments) in other plants such as carualioa und petunia. 

3. ti^ the petunia FS^SHpetH/l and petl^ mRNAs were unstable in loses. This was 
25 also a possibility as degraded petunia FS'S'H transcripte were detected by Northern 

analysis in total RNA isolated ftom petakof some events* However tite pe(tuniape«flif7 and 
petHp mKNAs had been piovm to bo stable in other plants suich as cscnatiou and petunia. 
Such infitabaLty could be due to sibenrant transtadoa le^ing to mRNA tomoveiv some 
feature of the aequeence inherently unstable in rose cells^ some othicr &ctor or factoriL 

30 
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The hinayy vecior BCGP13076fetD8 5's OVS: ueiDS 3' ) 

Hie plaamM pCGP1307 (Figure 18) cotitams a cMmeiic GU$ gene under the cootiol of a 
mnonujter amd tcraiinator fragment from Ibe petunia PLTP s^im (pctD8 5' and pe$£>8 3\ 
TGspQC&vdLy)^ Tbp chimczio GUS reporter gene cassette is in a tsndcm oiientation vniSx 
5 j»Bpect to the mas 5V njHU: mas 3' selectable maAasst $jsnQ cassette of fiie binaty vector 
pCGN1548 (MdBride and Snmtnertett» 1990, stqmt). 

iHtenuuHates in Ihc pr^poFaUm binary v^dor pCGF2S&7 
Ibe noar 3' Scaffmd JBrompO^llOl (seel&caxziple 4) was repleced wilh fiie 0.75 kb petDS 
3' fiagDient <Hb1ton, 1992, Jiymai) to pdroducd ttie ple&mid pCO^1106 conlaittiiig ^peiDS 
S^:GUS:p^tI>83*fixpmAoaoasstitt^ 

The S3 kb fragment oontaimng th& pe&DS 5': GUS: petDS expres^on cassette was 
released fiom t&e plasmid pCG-PUOS upon digestioii wi& the zeBtiictioii cndoiEUideascs 
15 ^din and FstL, The fta^ment wa$ purified end ligotcd wifii HinmUPsE ends of the 
biroiy vector, pCGNlS48 (Md&ride and Shunmcrfclt, 1990, st^ra)^ Coiicct insertion of 
th» fiagment eetabliched by restrictioa eadonuclease analysis of DMA xsoleted fimn 
gentamyciiwesisiMt tcsKasfbixnants, The rufatting plasmid was deeigmted as pOGP1307 
(Figure 18). 

20 

Plant iransfygmn^on wi& trCGPJ307 

.The T-DNA contained in the bioaty vector plasmid pCXSP1307 QPigure 18) was itttodueed 
into tdse tia Agrobacterhan-mQ^ztei ti^aisfonnatLDn. 

25 The dinarv ve^ar i^CGP2S06 flontit nstFLS 5 ^- GVS: netFLS 3 ' ) 

The plasmid pCCiP1506 CHignte 19) contains a chimeric C?D!S gene under the contitd of 
pdfomoter and terminator j5»gtnftnls ftom the petunia flavonol synthase gaie (peiFLS 5' and 
petFLS 3', respectiveiy}: The chimeric (?L?S i^«tfter gjene cassette is in a tandem 
odentation with respect to tiie ncv 5V np^- nos 3^ selectable marker geoe cassette of tbe 

30 binary vector piBIN19 (J^m^Nucleic Acids Res 12: $7ll-872U 1984)* 



10 
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Pu^ JJLXP ^^^^ Suisn) pairadisu ^nspisd ai&ML spoa SuilfoeipfiAo dqx Toyx dsea^omnipDd 
V^nimi AmmtSSiJ^ 'SHo STd^^i) dditdbD^M m^m^M;^ 

GAqX *s|iiBiiaiqj3iia2) )UB98i8eis-*t[[[[pidme ino^ P9TQ[0St VNCX dtsA^fi^ oBCdtSTinopixd 

91id£X)* JO «Po» rPK>fff>H3C paj^^H ^[DKmiSPwgF p^pnd oig pro jvjo pt» i^^ar si 

O VXV XOiL £>XL XaX XIX XXI 0x0 OXV DO V XVD OXV VW . £) Joropd aiTAf-STj 
™ P™ (YSfl ^^'^"^Swu^S) 

SB pOr)«ii9Y$0p 9BAi pnnmi<i SQiqnsajc aqx *s|iiisiiiz<5sqsz| ^iietsieoiHiniPP^ psq^iosi 
VNjQ jo fipXimn MBdxsmaopQd noi^dpisax Xq peq8iiqc)8!9 sgm YiranxiSBug 9ip ;o nopiasizi 

"(VSfl "eMsS^jwiS) +S3 H idpoBTOiad JO specs v^fPVC pai«B|i pm pogjiad s 
«e>idk pec|e;s9U!^ vxstxS^^ ^HJi -ysj pen soflisaimDmpaD ixo¥^iq$«Li qfiM. uOr^EP 
wMiii (fr oi&nsasa «I paqposop) 9S^dD3^ pimsqd oip mog pe>swi« ^*T* 
fBiiDpiBisii»4 QA£|]^xid oiQ UiOQ uiv^sda inQOiScj^ jig}Cfmaid ^mtudd 9ao]: qsf ^ y 
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GUS: petFLSB* gffiie oxpression cassette was ideased upon digestim with Ac restrictian 
Biidcmudtease SacL The frafment generated was pouified and ligated ^vKth£ajf»Hli^>artially 
repaired ends usizig dQTP and dATP in flie terparation reactionV&cI ends of the binary 
vector PBIN19. Correct insertion of fta^ent in a tandem orientatiofn with re^>eot to 
' 5 tbe nas J': rptlT: nos 3' selectable marker gene cassette was established by »sstdcticn 
enctonnidtoase analysis of plasmtd DNA isolated flom luinaniycm-'ic^t&at ttansfbrmanls. 
Ihe xesRhmgpla&inid was designated as pCGPl506 (Figure 19). 

trims fmmadon with iMCaPlSM 
' 10 The T-DNA contained in ^ binary vector plafimid pCX3P1506 (Figure 19) w«« mtiodaoed 
into rose y^<<.4jfra&a0^Aim-media 

The plasxnid pCQP1626 (Figure 20) cpntmns a dmneric GUS gene under the control of 
15 promoter fiagment fiomthe ohalcone synthase gene of chrysanfliemnm (cftrysCRSS^ and 
a terminator ftagmeiit Seem tfie 3RT gene of petunia (peiRT 3") (Bnifiliera, 1994^ supra). 
ThB dumfirio GUS reporter gene cassette is in a tandem orieaafation wifli respect to the 33S 
S S»RB selectable jnaAxs: gene cassette of the binary vector pWTT2l32 (DNAP) (Rgure 
6). 

20 

Int&m^uhm in thepr^anaian ^ftk^ binary vector pCGP1626 
IsolaiioH ^dkrvmntkMnM im CHSaromatet 

AduyBatifhoiauni genomic DNA Hbraiy waa ptcpaied ftooi genomic DNA isolated firam 
youQg leaf material of die ohzyBanthmum cKHero* 

25 

The ducyaanfhemum genomic DNA Kbarary waa screened with ^-lahdm^d fingmeata of a 
chrysanthemudi CHS cDNA done (SBQ ID NO:28) (contained in the plasmid pCX3P856) 
ning high stringency conditions. The plammd pCC3P856 contain& a 1.5 ld> dDNA clone of 
CHS isolated fiom a petal cDNA library prepared fixim RNA isolated ftoin &e 
30 chrysanthepMim cv. Dade Pink Pom Pom. 



dtp wag |>dfi8d]d2 seM jp^ouxoid jjf^;} umai9ii(cxBs£^9 ^ fhxmppbo yoaioSe^ (p[ s'Zr^ y SZ 
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atu pro (g;OM m DHS) CE-XOLOOOXVDDOWGDWiiO-c^) JDXVSHOO^s^^ 
^uftdwud pot? ajs^dnxd) 9I€IdD3^ Soncsn -^q;;)^ Xq psgiidaxa soivi w^^nWi 
{TOopBiBuiu}. oAiUJirtd 9ig^ 0109 ixiBaqsdti pxrai?^ jBsi^omoid OTnUB^tpnfifiitnp <p[ 9-^ V 

'9indD0clnp93sa3Esap Qt 
piuzsqd 8cE|vjEisM cnix ^^ItEemnt}^*'^ TPO^siBax-unn^^I^ ^09 pa9B[0«i VNG 
JO m^^pam dsndpnaopua Tiojpujsac Xiq poipiiqajsd ;mui3es aqijo uoipssnx paxioQ 
*Cvsn ^naSiqi^) :a:S )<IpR)8aniGpI Jo «pw jopuffi na^uA p9Vie9i[ pTO p»nund 8«m iW3aioxd 

dtp ipT4& ^™fp owaxyoislB dm jo mpsdSip uodn* pQBSdDsu: osm. iiCTiiSa^ cp( ^ y ; 

^!poo uinraafipqti?$^o dqj Jo dmm>iqi;i9ui Sujjspyin stAipBTnd oqj jo itrcaijBdn ooronbsB 
JO <pi tiiEinoo 01 piznc^ po9 s|Si^iBDS JstEixiy: jcg: iDoeoqd (SSHO) dtzop oimoodS v 
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iQ0MStrUCiia{n ctuCGP1^6 fc^rv^CHS COS: nos 3* in binary vector) 
A ^£ Id) &Qsmwt ccmtaming the chrysGSS 5U QXJS: nos 3' cassette was leteased &mi 
the ptefimid pC(3PI622 vptflk dzg^on wxfii tlio resbiodcm aidocmoleBseB JPitA and BgUL 
5 The fisgnusnt was pmified aiad llgated widi PsfUBoniBt eods of fhe bfaiaty vector 
pWTT2132 <pKAlO (Figuxc Correct iiuBrii<m of ^ cassette in a taodem onratalion 
vtritli nspect to fhe 3SS 5V SetSB selactabld maikw gene cassette was establifihed by 
testzictim aodoameleaae analysfe of DNA isolated Scorn taixacyelme-EesislaEit 
trataafianaaants. The tesulting plamud was designated as pOOP162fi ^gwce 20). 

10 

Pltmi transformation with nCGPI624 

The T-DNA contained in binary vector plasmid pOGP1626 (Pigiire 20) ivaa introduced 
into lose via Agrobacterhmhme^tBii&d transibnnation. 

15 ThebinanfvectaruCGP164t /oeiRTS':^ GUS: o^J^T^n 

The plasimid pCGPl<S4I (Figu^ 21) eantains a chimedo GUS gene under the cooiEol of a 
petunia SItT pramoter (petRT 50. eovering l.lkb upstream fiom ttio putative 3RT 
traoslatioti butiaiioai oodon widi a petunia 3RT tenninatodr ^petRT 3*) coveripg 2S Kb 
dovmstream fhotn the 3RT step eodouu The ebimerie GVS cassette lb in a tandem 

20 ozicntatioaL witfa xeapect to the 35S 5 \ &iRB sekcfable nuaker gene cassette of the bina^ 
vecDAr. pWTT2iai CDNAP) OPigoie 6). 

Iniermediaies in the pngfamOoM of On iimay vector pCQPI^l 
Isolation ofi^etunia SRT^ne 
25 The isolation of the petunia 3RT gjeiie ccoYOsponding te iba iSt locus of P. kybrida has beeati 
described m Bniglieoca. 1994^ supra. 



(izainSi^ ItPWOD^isB psiroStwp 
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cz 

TOpOTtiaai Xq poqsriqfertSs ssjMl iimoiSB^g S72£> dip jo tnegopxia $0001809 i9)0imxd jc^^pad 919 
uj psquos^p) 1 T9IdDbd praiffBid STUi wag pasBopi seAi ^nem?^ joaoxoml J!;2r^<f <Pl I "I V 

*g HJ»uuiLa«iw 3» :|nBtsiBaa^i[i[[pi{liiie tnog p9)^osi vNCI jc> s{B^ivm »a»ima<ipi» no^cqmi 

di9 jb mpioscn loexiOO *Gt|XiaiirSGtg; jyif) pro JoiKmioxd Sff AS^D ^ *aoq:(oeq 
g^^poA oq^ Soniraiiios {pAOm ^^^\ iMdpcneD l€U:^l<> matuSe? <pi€'f ^^m^S ^ 
P^bSh pus p9ij:und «3J& furalBtt^ aiu "P^ lEP^ saseafidtttiopc«» uopCHiv^ 9tp q^iM. $ 
nops^ip TOdtt {p4^ •iW>tStua T» poq!w«0p) 0T9TfiXy* PJ«owid «qi aiag p^scaisj 
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The T-DNA contatEted in tfic binary vector plaaznid pCGPltf41 {Figure 21) xnlrDdiieed 
into rose via Agrobacfetium^^t^s^ ixsmfbsuMm, 

5 ^_bi»uu^.i^€iorBaSPia61 OtaseCBS 5^: QUA nosSn 

The plasDBid pCGPl861 (Figore 22) cont^ns a chimeric GVS gene under the oontiol of a 
pRunoter figment fbom the CHS $eae of It f^rida (JRcseCBS 50 with a temw'nflinr 
fiagntee£ flmn the ms gene of Agrainxctei^um {nas 3% The chimeric GUiy lepOKteor geoe 
f Od$$0tte in a tsaadoai orbntatian with respect to the 35S 5 'i SuRB aelectable marlcBr g^e 

10 cassette of the tnnaiy vector. pWTr2132 (Figuie 6). 

An ^ kb fi^agment cOTitaiiiing the RoseCBS i': GC^* /rosr 3* cassette was released frcsm 
pCX£P197 (desdibed in Example 4) xipon dige?ticxi with the lestrlcdon endonucleaKe BsBI^ 
The fiagment was purified and Hgdtod widi JSomHI ends of the tanaxy vector, pWTT2152 
15 O'NAP). Coseet huertion of ttue fia^gment m a tandem orientation with respect to the 35S 
S'z StiRB seteetable maiker gCDO cassette was estab^ed by ]:esCrktion eodonudeasc 
analyds of plasmid DMA. isolalxad fiiom tetcacyoline-iesistant tcansfin(maa1& The resulting 
plftstnid waa dedgaated as pCC3^18Ql (Figure 22^^ 

The T-DNA contained in the binaiy vect<»r pkiEmid pCGP1861 (Figure 22) was intcodoced 
( into rose via Agmbactertum'mfidiBiBA transfimnaliott. 

Tk^ binm^ vector nVGP19S3 iAmCHS y: GUSi jHUDS 3 ' > 
25 The plasmid pCGP1953 (Figure 23) coaitdns a c^ixnedLo GUS gene under ttie control of a 
piomotGr fingKncQODt fiom tbQ CHS gfint of Antirrhinum mttfus QimCHS 5") wittt a petunia 
JRCJF tetminator S% nie caiimeric GUS reporter ^e cassette is m a tandem 

oiiectotiaii with respect to &e 3SS 5 &iRB selectable mxai&xsr gene cassette of die binsiy 
vector* pWTT2I32 (DNAF) (Kgure 

30 
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.nxofpniZK9Sii«i9 pQ3«|praHKOi^jd2»}cu9^ 9801 09111 
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T-DNA cottt&hied m liie bmary vector j^lasmid pWTT20 84 (Fisuie 24) mfvoduccd 
iato xose viii 4gm&aete^ 

5 

Trausgenio aoatyns of roses traturifarmed with GU8 exfrnsskm CMwettcs 
Northern blot aiialysis was j^erftemed on tolal RNA isolated fiom petals of &mlopxnj»DM 
steses 3 to 4 of ttan^^nie KaxdiDal xosw txaiififi»iiied toOi the T-DNA of vdrioiis GlfiP 
ejqjTBsaioii caflsettesp. Thar© was oither no accumulating transcript or tax intact fuU-lcngfli 
10 transcript of the expected size of M .8kb as detected by Norfiicm blot hybridisation. The 
relative levds of GVS ttanscdpts scouinulatmg io the loae pelala wore recarded (see Table 
8). 

TABLE 9 Summaiy of Nordiara analysis on trans^pcnic Kaniinal rose fLowers (open 
15 bud s6?sq) contaiziing CTUfcoostrtiiCts* 



VLASMB^ 


GVS BKTOlU'Jta^jlSNH! 


MARKER 


transgsht 




/wiD^ 5': <3'USr: /wtDS 5' 


rruis S': tyitHnnas 3' 






jwntfZ.? 5'r GUS; petFZSJ' 


nos 5': nptll: nos 3' 




pCC3PI626 


chrysCJSS 5V GUS:peiRTS' 


S5SS\-SuRB 


++to-H-f 


pC5GPl641 


petRTS': GVS: petRTS' 


3SSS':SuRB 




pCGP186l 


RoseCHS 5': GUS: nos 3' 


35SS':SuJ!tB 


++++ 


pCGPl953 


AmCHS 5': GUS: pea>8 S* 


35S5':SuSB 




pWTT20«4 


3SS5':GUS:<Ka3* 


3SS5':SsiRB 


in 1 1 



- =5 no transcripts detected 

+ lD-hH-H- = rdalive levete (low to hi^} of ftJWengfli GVS transoript detected 
20 by Notfhem blot analyaui ' 



*s3Kieds usAiS 6 JO siB&iTpia xEaaM^oq psspni 'sepQcb eip jo piinotiSiqOTq ©tji no fimpmcbp qj 

pjnoM. s^uanbas asoq;^ ^iimase eiqsnosBaj sisal %} ^mnfuoiSid p9seq-iqp|D[[qdidp 
JO uopcmpoid i3fiQ ut ps^^insM X^t^^aaipin pas ooooqoi pus vnm^d ^criBOXBO m i(ons 

^ oicpx «a) fiosoi TO e^uasEXi»:| dSfP^^ l/h^RS. £^™xii^ ipcqrai xn ^pisai |oa 
PIP mnoipmg op tpniAi} ^momoidg^ ixmmsiginGiCzi^ pue jbbd osoi- ^SSeAFiK> 

0s{9 soaS 0ip qj|M. pdsig sufsmSag lopmcmoi pm jatomovi jo noTiBniBAo otfx 

'td5E00/96nv/XDd icoiteokpaidv' }U9^^ iraoinmidiai aw) ^pnooy^ emSpoxa 
suoijTOie^ p3JCDioQw.|9{02A iwxm aftp oottpcjHj (ifH^ HiSiS^ BTonjad tpiM tiopoanftioD s 

iCpApiepi noi^oxittg oi poJB^dde (mxiuioiu^^'^^ sspada j»ipo o/m uiojg sraoS 

snoSoioiooq mag sooiStai: j»)oucoid s» 3m$pdjnB worn ssm. dueS jy2£) ^ip cpiiVL pestg 
C ^ SHO^V) ^^ouxcod nmmqjLii^ic eq;i qjiiAi pdmmqo iinssj aqx' 'suzsmllul sdpipQfcna 
pd9Bq-4xtpixxtqdTdp jo mpimqc^pp jo uoT^snpoxd ot{; 'fidu^S ifHi^d pm sfQAioi ^dp^uKQ 0 
'qiSoafi-fpg Tj^iq X(9Ai|Bp3 oi SnipMi ^locqed pus nopenisa 111 i^al mpoot^ o| tidAud 
maq XjffirtoiAaid peq sdxxdS Silfy WypoB ifn^ pdsrg sa^ouioid omes oagip •jd&amiojj 
'sio^omoad eesii^ Siipiuodiowi so^ieeseo poiggaBfea TpiAk pfii}09)9p wm. ajdixosimii ^y^f? 
ocK 89 si?)8d dsoi m tEOpom^ o( J8dddB }OT pi^ 

JSTaP^O S7.irv|TO»d '(Ji" JCJP«5 Jjff ^fwtiad Xs' SSIO^V^ SHD (niQawpdeiw) «mflfp*wiicw 
■Xiftrapding "sntotuonl sx£> ^mi jo g^g AfVO St^ti p»imiqo 9Boip as iiSiq sta )oii mq 

oqx 'qBi^d ;»SQX m voiiduofinei). jo spAOi qSiq /[[dApe^di OApp 0| jradde sjtoiouioad 
tSSHD^^V^SHD OToapTO STf) SSSAJV^ ^ '(8 ^Wl) ^qjff otrto psesa 
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UBtk$^ reeombtoant petunia F3 "3 *H loRNA wciild not accumiilate. of fhe petunia 

FVSH nooiooiido soquences (petHfl sod petJH^ did iiot reveal my 3eq[uc(nce» wbidi 
mij^ lead to instability Qjobsequmt d^giadatioEa (Jofarusoa ^at.,JnA lopk beyond 
tttatMripiion, ASPP^ USA, Bailey^exreg and Gatli^ ede, 1998), 'intmn: eocon splice 
5 jutuitiort9 OSreadel ei al,. In A look beymd tmnia^pn, ASFPp USA. Bailqr-SeireB and 
Gallie, eds» 1998), cht any aiitocafalytie or degtiadaSon tdggnr sequences reported ia Che 
sraentifio Ul^aeiue to date ^ /oofc beyond transcFiptkm^ ASPP^ XJSA^ Bailey-'Sertes and 
Gallie, eds, 1998). The sttipii$ing rcwtt suggested Ifaat fbem weM» fickna ^yedffic to xose 
fbat resolted in pelnma if3 '5 ^iif 

10 

Since it was not obvious wlQr the petunia F3'JW se^aences wsre uustable in roses but 
stable in carnation, petunfe or tobacoo, a ia\nnber ofF$'S*H Beqnences were isolated aei^d 
a rsnga of fianiilios ia aa attempt to detenninc whether any FS'S'H sequence xvould be 
stable in rose and fhea identify any jF^'J^'j^seqiiiences that would lead to the syndiesis of 
15 • stable /y^'i^tranflcrfpta and FS^SH activity and ultimately ^ production of delphinidin- 
leased pigments in nises leading to a change in flower ooktr. 

Constrncdon ofpetat cDtNA libraicles 

Petal cDNA libraries were p«paced ftran KNA isolated flonx petals j&om bud to opened 
20 flower stages fiom various spedes of plants desezibed in Table 9, Rosa hybrida is 
classified m the fimily Rosaciaa, Order Rossles, Subelasa Roudae and so species that 
produced dalphinidin-^based pigments and so contflined a functional FS'S'H and belonged to 
the Subclass Rosidae tvete selected Pehmia hyhrida is classified in the Famfly 
Solanaceae, Order Solanalss, Subdass Asteridae and so species fitwn fii© Subclass 
25 Asteridae that produced de^Mnidin-based pigments were also selected. 
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1^0? 9111 .'oiBidro; «B F>»d xnog pajBiosi ynh +Cv)Aod JO Sri s panoxi; 8«qan iM?vzTt 

VSn 'PS y^Y V^N ^^Wl atav) ittldB3Soj«niiOXCtO osapilpo xP-^SffO JO $$10^0 
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l£k general smaund 100,000 pSi of liio amplified librades were plated onto NZY plates 
(Sdnibrook ^ al^ 1989, s^ra) ^ vl density of wnind 10,000 p£i per .15 cm plate after 
trasisfbcting XLl-*Blixe MRP cells, and incubated at 37^ for S Iloots, A&jst incubation at 
4^0 ovemigtrt; di^licate lifts taken onto Ctolcro^laqiic Scrcm"^ filters (DuPoxrt) and 
5 tfeated as i«cotamandied by the xnanufacturBr. 

■iBfMifffrf fi****^* 

HdlpeF phage R40S C5tiratageno» USA) was used to mcS9& pBluesaript plmgemids 
contafadng cDNA insed^ &m anqilified libnnies using method* 

10 dfiscribedbytheinaiiiifictn^ 

SmeninB ofoeuadDNA Li&ntHM 

Prior to hybridization^ dapUq^to pleique Ms wsro washed in prewaahing fiolution (50 nciM 
Ttts-HCl pH7-5, I M NaCI> I mM BDTA, 0.1% (w/v) $m€oame) at 65*C fi>r 30 miimte^ 
IS followed by waahing in 0,4 M sodium hydroxide at 6SXi for 30 minutes; then washed in a 
solution of 0*2 M TMs-HCl pH 8.0, 0.1 x SSCp 0.1% (w/v) SDS at 6S*C &xt 30 minutes and 
finally rinsed in 2 x SSC, 1.0% (w/v) SDS. 

The membtano lifts fiom the petal oDKA Ubiaiiea wore hybridized with ^P-labelled 
20 fis^nents of a L6 kb S^m/Fspl fiagmfisnt fiom pC6P602 (Figure 2) (SEQ ID NO: 1) 
cmtainbig the petunia FS'SWpeOffl cDNA cLeme (Holhm ei dl, 1993a, supra). 

Hybiidfzatlion oOAditiQixs mdudad a pzehyhtidizadon step in 1(1% v/v jfonoamide, 1 M 
NaCl» fO^iw/vdextransu^hate^ l%w/vSDSat42?*Cforatloa»t lhoiir,The^-Iabrfied 
25 fiagmw^ts (each at 1x10^ i^»n/mL) wore ihea added to Oie hybridizafion solutkm and 
hybridization was oontinncd at 42"C for A farther 16 houra^ The filtera wogce then washed in 
2 X SSC^ 1% w/v SDS at 42^0 for 2 x 1 hour and exposed to Kodak XAR film with an 
intoosiQwg screm at -70^C fi>r 16 hours* 
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and BP#40 (SEQ ID N0:11) in pCGPI96I (Figure 26)) were identified by scquctioe 
similarity to the pettinia F3'J'If p&tMfl cDNA clone (SEQ ID NO:l). The BP#18 and 
B^MO shared 82% identity at the imoleodde Iwol* 0»npaxisQa Qf the nuckodde sequessce 
of pansy Fy5T[ clones (BP#18 and BP#40) inrith that of the petunia pyS'H xevealed 
5 atau][id60%xdeati^to thepetoniai^J'J'^p^^ clone and 62% identity to the pebii^ 

ThB Mnm wctoriL nCGPI972 and nCCa^I^TS fA mCHS BMIS or BMHO: fioiDS J*) 
The plasmidj^ pCGPi972 (Figore 27) and pCC^I973 (Figure 28) iwntiiin tSie pansy PS'S'H 
10 cDNA clone (BP#1S BP#40, rospeotively) between an A. ttuxfw (sasiapdrogoa) CHS 
promoter firagment (AmCHS 5") and a pctonia PLTP t^tndnator fiagment (p&tDS S% The 
chimeric P3*S7I genes are in t3andem with irespect to the 3SS5*: SuRB selectable mflEker 
gene cassette of the binary vectcttv pWTT2132 (DNAP) (Figure 6)» 

15 The pctuniaFJyr^ff (p^JFffl) oDNA done in pCGP725 (described in Example 4) (Kgure 7> 
was xomoved by initially digesting pCGP72S with the realsictioo endonuoleBae BamSL 
The et^ wen repali^ and ^ HnsBrisad plasm 

endbtiuclease XbftL. Hie ^J>kb fiagEnecff containmg me vednor with the AmCHS 5' and 
jTfifcOff 5* flrsgments was paxifidd sod ligated with the ^l^fikb JS^hO. (ends f^iaiit^ASal 

20 fisgment ooaitBimng tfae pansy F3'5'H BP#18 or Bp#40 cDfNA done ftom pCG0P19S9 <^ 
pCGP196I,rbapeofivdytopiodiicep(X5P1970 andpa»I97l, respecttvely. Tt» AmCHS 
5': pansy F7V'H: peiD8 3' osssette was Ihcn isolated fiom pCXaPI970 Or pCGP1971 by 
fibrstly digesting the restriction endomiolease The ends of the Uncased plssmid 
were repaired and then the chimeric /^J'iW' eeiK» w«a» released i^w^ 

25 restriction «ndonuclea$e EooKV. The pttrified fiagmente were then ligated wth Asp716 
(repaired ends) of the binary vector pWTr2132 (DNAP). Correct insertion of the fragment 
was established by restzietion endonnoleaso analysis of plasmid DNA isolated firm 
(etcacydino-xesistant trans&mttnts. The resultmg piamiids were designated pCGP1972 
(Figure 27) and pCGP1973. (Figure 28), reflectively 

30 . 
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a»M po)i?4:ov08 spptuScQ q3{ ^*\*^ oqx 'i;^«r osBd[d>nQ£>pti9 wpoTHSsa ^(q^ tptAw nop^ip 
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Jtose transfarmatiim with uCGP1967 €tHdvCGP1969 

The T-I>NAs oontainod in the binary vector plasmids i<:GP1967 (Pigine 79) aiad 
pCGPI^ (7igure 3 1) wc» intoduccd sqparafi&ty into Jtma hyhrida cv. Karvjinal mi Soft 
Prcmuse via Agrobactarhmt-mGdi^A tfataBfiumation. The T-DNA comtaiitod in ttid bin^iy 
5 vector plasmids pCGP1969 (Pigqro 31) was also introducea iDto /torn ^£pr»<i3 m Pamda 
and Medeo via Agrobacteritm-tat^^^ trmxsjfoxnfmtion. 

^ J3"5g i^PAM ctoM iivww mctefa nfSfjMa ctw, 

10 Total KHA and poly (A)^ IWA was isolated fDcmi yoimg petal bods of Salvia &pp. (bought 
fiom a nursery) as described above. A petal cDNA library mths cmmtnicted iHing XZAFU/ 
Gigqsack n Clc«ra^ kit (Stratagcnc, USA). Two fbll-lengtfa salvia jra'J'lTcDNA clones 
CSal#2 (SEQ ID NO:13) in pCGP1995 ORe«i« 31) and Sal#47 (SEQ ID N0:15) in 
pCGF1999 (Figure 32)) were id«3itified by seqnjmce sinodlartty with tiie petunia FJ'JT? 

15 petHfl cDNA dene. Tiie Sa1#2 and Sa^47 simred 95% identity at the nucleotide level 
Comparison of the nudeotidd seqaenoe of salvia FS'S'H oloncs (SsiUkl and Sal#47) witli 
that of the petmria F5C5'J7 leveaicd around 57% identity to ihe petunia. F$*5^H petHfl 
done (S£Q ID MO:l) and ^8% identity to the potmia FS'J'Hpet]^ tiUmp (SBQ ID 
NO:3> 

20 

The binary vectors^ p€X3¥2121 and pCGP2122 
(AmCBS S^rSaMa F3*STr»2 oriUTt jmD830 

The plasmids pCGP2121 (Figure 33) and pCX3P2122 (Figure 34) contain flw BshnAFSVW 
oDNA clones (Sal#2 and Sal#47» respectively) between a anapdragoin CtiSS promoter 
2S firagment (AmCHS 5^ and a petunia PLTP terminator fragment (potDS 3*) in tandem with 
the 35S S ': SuRB selectablfi marker gene cassette of binary vector pWTT2132 (DNAP) 
(Figure 6)- 



(91 QizD%ai) 88$ld£X>' ^'^^^ ^iv^ 

posBdXQJc pJOAi. otoS ^^f, £^ 0pwun^ ©ift t^ip puB paimdai aifi^ p!m»«[d pazij«OTfi 

STfl JO spuo oqx IW/ ssttopraxopTO wpofpiasjc 3T|j cpm ^otiiflcSxp Xpsig: Xq ^HWDO* 
» 9IlMODd moagf paj^osi «bm ax^roo SCP»<f -ILSiid ^n^^ uS SHO^V ^"11 01 

Yt# i££i£ff ^ Smarewioo OSS ^Lin3|jj[) 666ld£)Od 13009 ic»nSBg: (penadai 

iiociopiSQS sijj ipiM. pa)Ba»fp aditpmj pfmsttpl pdsum^ii sift pot pejnecfei spro ©qi 
Tiptiog afteaidnuoim aoxtoniBOi ancj^ i{(tAk gZLSDO^ gnijsagrp ^{Spnn Xq puonidj sbia 
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Imtermediatas in tk^ preparation of the binary vectors pCGP2120 aHdpCGP2119 
The plasmids pCGP1995 (Figure 31) and pCaP1999 (Figure 32) were firstly Imearized 
upon digeBtioii with the restriction endoxxuolca^ Xhol, The ovcrhangiag JAoI ends 
repaired and tbeti the salvia PySTf oDVfA clones Sb3H2 or BialMl were tdeased upon 
5 digdstton with ttie zestiiodoii endonadeasc Eoc^ Jxt ttm case of pCC^1995 a partial 
digest wxdi EcoSa. wias undetrtatea. Tho ^I«7 Vb fiagnmits were Ugated with the Ckd 
{lepaired eadsyjBbpRI Md» of pCGP2105 (Figure 17). Coireet inattrUon oSeacb. fiagment 
was estflbli$hod 1^ lestricdon endcimtolease malysis of plasmidi DNA isolated from 
aiDpiGiIlixihtid9i$taztt troosfonnmite. The resulttag plasmidi were designated pCGP2112 and 
10 pOGF2lll,icapeGEttvaly. ' 

The plasmids pCGP21 12 and pCXjP211 1 were di£dsted witli restriction eadcmncleases 
Xhol and JSbal. The resultmg overh^ngiiig ends were t:^q>aired and *^3.6 Idb fkagments 
cbtxtaimikg the CaA€F35S: saMa F3'5'H: ocs 3* cfaimeiic genes were isolated and lighted 
15 with AspJli repaired ends of the bin^ vector^ pCXzP1988 (dcscrihed in Example 4). 
Ooncct insertion of each jaragment was estabU^hed by zestrictimi endonudease analy&a of 
plsamld DNA isolated fiom toliiacycUne^-ix^sistant tranafbnnants. The resultmg plasmids 
were desigoated pCGP2120 (Figure 35) and pCGF2119 (Pigure 36). respectively. 

20 JSas^ftnaMsAmiOtitm with nCGP212B aMid nCGP2129 

The T-DNAa eontained in the binacy vector plasmids pCGP2120 (Piguic 35) and 
pCGKS119 (F^gura 3<$) were'Iatroduaeed separately Into Rmu hybrida m Kafdinal via 
Agrobai^teritim-mxsdiBiXid. transfonnation, 

25 SollyaF3''5'Hoonstnict8 

IsaladoH of a F3 ^S^HcDNA cIohb fh>m Mtals afSoBva sm^ 

Total SNA and poly (A)* RNA wa$ isolated j&om yomjg petal buds ofSolfya spp. (bought 
from a nursery) as described above. A petal cDNA libraiy was constructed using IZAPJU 
Gigapaclc n Cloning Ht (Stratageiw; USA> One fhll-length Sotlya FS'STT c0NfA clone 
. 30 CSoll#5 (SEQ ID NO:17) in pCeP21 10 (J^igiire 37)) was idenlifted by sequence similaiiQr 
to tibte petunia F3 '5 TTpetH/l cDNA clone. Canttpaiison of the nucleotide Sequence of the 



vppi<^ Damj9d pWBt vsrc oixiopi pus pi«£} Tucwcs sraApjiio sf^iiiyjdckCm sn^^ptff 0|Uf 0£ 
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iQM csorpaSip nodn p»0v9[« Sflikk swS j;; gj mxamnf^ av^ tioi{V pve petimdaa omm pnxmid 
p9Zi2Baixi[ dqi jo spn oiqx llCi^r edBsrjaanopiia uopouissj 91]} iptAi SopsdSip i^Rig Xq 
82 tZdOO^ ™<*9 1»I»JI<»J wqi awafieea oviksS ,f ^*B»Si&i uS SSO^V m 

-SnzddBiiL 98e^9iiEKqni9 izopop)$Que psunpcos sbm ^q ua ingeg ^ sCP^d pm , ; SHD^ 

JO fipao paxtBdejt oqx ifiTA psteSg pm pogijnd mjA ^jusfiicS^ , f gcp^d pw SHD^ 
dip. qiiM. ;iO}»A 9q|. Summ^TiOd :¥U9uiSq;7 ^e'^ ^ poimddi ddc^M 9pu9 9qx 'IH<<^ 
/wm ij?^ sa<sii9[anuDpu9 Tioi:^^fi:i93Jr oip. ipiAW S^£4DOd SupseStp Xn«i:|nn poAoaiM fittiVk 

01 

-(91 QxmSjd^ 8861<3D3^ ic^a Xjeozq ^ j;o 9!)|9sbbo mpS j^mn 
auoja YUCP SffiOg afifiif «^nw ^ mpmoo (ge Ma:^^ OCTZaDO^ ppnsttld oqx 
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Th^ hhtar^ vector DCGP2m fCoMV^SS: soUva I^^S^m ocsri 
Tb& Innary vector pCGP2131 (Figure 39) contains a diimatic CaMV 35S: solfya F3'SH: 
ocs 3^ gme itk iandem Nvftti the SSSJ V SuRB selectEblc matker gqtie cassette of tiie binaty 
5 vector pCOf 1988 (Piguxc 16). 

Jjtiasr»flHfiBre9 in ppepartMon ^ bU$uxy v&ctorpCGP2I3I 
Hie plasmid pO(3P2I10 ^sm flt$tly Uneaxissed upon disiestion vnJOx fhe- rofitdctioix 
endonnelease Asp7lS. The overbangiiig ends were repaxrsd and fhfiii the soUya FS'S'ff 
10 oDNA cbne was rcteased upon digestion witb the rostricdon cndoxuiclease PjrL Tlhe ^-1,7 
ld> fiagtnent was lighted with the EcoKV/PsH ends of pCGP2i05 figure 17). Correct 
insertion of the fins^ment was e^ablisbed by xeatrictioiOt ^donuclease aoelyris of plasmid 
DNA i^^olated fiom ampicilliiLHce^ant trans&rznttata. The tesuMng plaaimd was 
designated pCGP212». 

15 

A 3.6 kb fira^nent cooitatmng the CaMFSJS: soilya F3^S'B: ocs 3' cliimeiie gne was 
released upon dige&ttOA with Oie rsstddim eodoQiadleases ^j^ZlS and JOfol The 
ovedianging eods were repaired and the porified fi^agmeat was ligiatad witti ofA^j/Jli 
lep^red ends of fts hmazy yeotor^ pCX3P1988 (Pfgme I^. Correct insertion. of ttb 
20 fiagment was established by restri^ion endonnclease analysift of plasmid DNA isolated 
ftom tettacycUne^resistant transfbnnam^^ The remilting plasmid was dedgaaiedpC(xP2131 
(Figure 39). 

Rose nmtslbrmmian with nCGPJlSl 
25 The T-DNA contained in the binary vector plasmid pCOT213 1 CKgpre 39) was introduced 
into Rosa hybrida c\^. Kaidmal via 4graAacte^OTi-mediB(ted Iranfi&rmatkin, 
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.tetracycline-resistant transfiHinanls. The rMulting plaamid was designated pCGP2256 
CFigure41). 

Petuttta troHsSnrmation with oCQP23S6 
5 ll»T-DKAe<m1»oiedm1helwimy vector plaamid^ 

into Patvnia f^^tnda ev. Ski4 x Sw^ via A^^^ibacteriim-moiaiatA transfotttuttioa. 

The Wojuy vector pCJ<»2252 (Figat« ^) cotdBins a dumerie Qiil/F 35S: ketmedta 
10 FJ'JS:- 3' geoe in tandem wftli Vc» 35S 5 V selectable maker cassette of 4» 
Unary v«etari>CGPlS)$S (FlfiiiK 

Iifterme0i^esiadtepr^panidmitfth6btmayveiM*rpCCrP22S2 

Hie t>la«aud pC<3P2231 wiia finrtjy linearized upon digestian with th^ lestrietxon 
15 • endonuclease Xboh The ovedumging enjOs wei» repaired and then the kcnnedia FS'SH 
cDNA oloDB was xdeased upon digestiini -with the restrictioa endoauclease Pail The ~1.7 
ld> fiagment was ligatnd witti the dal Ospdred cndsVA/I ends of PCXKP2105 (Figure 17). 
Ocmnot insartian of flie ftasnient vow estabKtiied by te^iiBtkm eiDidonaclease analy^ of 
plaonbl DNA isolated fiom antpieillin-fBsistBnt transfiHinanls. The cendting plasimd was 
20 desigDaitedpCGP3236. 

A kb fia^ment coatafnh^ the CaMV 3SS: k^atedla F$*5'Ri oar 3* ohhnerie seae 
cassette was released Sxm the plasuid pOGP2236 i^ d^estioq with the leBtriefion 
endonucleasea Jlhol and No(L The ovediangiTis ends y^vK lapdned and the puiifed 
25 fiagtnant was Hgated with Asp71 S repaired ends of the binary vector. pCX3P1988 (Kguie 
16). Collect insertion of the ftagment was established by lesttiction endonuclease analysis 
of plasmid DNA isolated Atom tetracycline^stant tran8«)niiants. The lesultiog plasmid 
was designated pCGP22S2 CFigute 42). 



30 Soaatnui^finmattoH w^ fc nCOPmi 
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CompaiisQii of the Jiuolcotide sequence of buUeiily p6a F3'3'H olane (SBQ ID NO:20) 
with that cif fhcpotumaF5'5Wr©voakd around 59% ideoattty to the petunia J'S '5 ^fpe/^ 
clone (SEQ JD NQ:1) aod eZ% identity to the petunia F3'5'II peOIfi cIoqa (SBQ ID 
NO:3), 

5 

ThG plfismid pCG]^2I3S C^igure 44) contaAod the butterfiy pm. P3*5W oDNA cloiie 
beiwdm a snspdraspii GfiGS^ promoter fiagment QimCHSS') and a petunia P£ZP teamixidtor 

10 fbe bioaiy vector pCGPl988 CFigure 16^ 

The petunia F?'J*r(pfftf5fir) cDNA clona m pCGP725 (described in Bxar^plc 4) (Kgurc 7) 
was removed by initially digesting pCGiP725 with the restriction endonocle£ise8 Xbdl and 
BamHL The eads w« repaired the --4,9kb firagment oontaining the vector witfi the 

^l.€iai Xkol/BamHI fin^ment icom pBHF2F (Figure 43) containing ttie butterfly pea 
J3'5'4r cDNA done to produce pCGP2I33- Conect insertian of the butterfly pm PS 'J 71 
ftagment in tftfulem wift AmCHS 5' and petD8 fiagnienlv/YrBa coajSnned by 
rcstiiotion endontuclease aiapping. 

20 

The AmCHES but$mfiypea FS'S'H: peiDS J' cassette wae then iaoUted fltnn pCGP2133 
V l>y fi^Iy diBBating with flie cestno&m (sidomuaeBse M»(L The ends of the limarised 

plaraiid were repaired and fikcn the chimeric F3 V XT gene was nateaaed i^on digestion with 
the restricfion CTdonuclease EcoRV. The -3.6kb purified fiagnieiit Wiis then ligated with 
25 AspllS repaired ends of the binaiy vector pCaP198S (described in Example 4) (Figure 
16). Correct inaertion of the ftagmcnt was ostabliahed by restriction aidomielease analyda 
of plasmiri DNA isolated fi»m tetracycHne-reBistflnt transforaumts. Hie te$idt2z% pla«n2id 
was designated pCQP2135 (Figure 44). 
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niag: pottos; VNO pnosexd jo sis/Ctnira $$B9pnnopi]9 uotpuisax pocpiiq^^fio 

Aa<»S/(apro p^oiedfcw) pffj ©qi ipiM po|e3t[ seal monitFjg cp[ dip pro paimdiw ara^k 
spn* SnqSnetpsAO OTtL *T£pmff P«9 l^^tr sosBOjcmxropuo nopopqsat «p qjiM (g^ djnSi;^) 

PSIZd^^ .idgmA Kjmtnq ^97/0 uoi^ttjatOajd bmi^ njr s9$nffsniM9fvj 

iDGOitBmicgBaffJ^ pO[(«zp9ai-ftfy»M;»^a£Sy ^/t dpimAs^ j8A|}pK> nppi^bi naa^ o|in 
p99X!pa3|iz! fiBM (jj^ »iSi^ SdSHS^ .RuisiPld jio|09A Ansraiq m panonnnod VNn-X s^i fT 

•(Sir muSm) s>iPBTg?d d^Biao c| Bsn£>-€ I IZaad poisaSip 
Ip^IHMcoff Tp-iM P31e3h seal JZJHa^^ ^loug lUDoigBjg P^J^-rH^^^ff «PI 8*1 ^ '^SnO 
*£ I IZaed PFi/C 01 jivs V P^^n tiSKii pn^ paifti^x aiatt 8pii» SinSomiiOAO sqx OX 
*pt;sr aai»«i9cniopaD noippisaf eig i|ip& pa9«oS£p «bm snO-SlTZaSDS pniravid erqx '(^^^^ahs* 
*9<Kl ^'i^ '9 BJni|»t{)/^ jgriooAXiBinq i^iiad «in jK^mmme) ahc pm jscpomaid SS$AFPO 

s 

I9f^q^ npm^^ poe s^noj^ pm [otibiq mffsxsrsi ^Aifpio fft^nAsgdp^m mqpwfCT 
pmnprntof swu (tt «mS ja) ytlJWSX)* pp™«li JK>P0A Xxeuj q oip to paimjiutofli VKQ-i 
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A3i'^3.61di jSragmegt cnntaiTrfne the CaMFSSS: buite?fiy p^a JP^SVlt: ocs 3' dtdmedQ gems 
eas^eCte ww reteosod Xipcai digeationiiddifhexestrictiosi endomicleases JKftoI mAXbdL Tb^ 
overhflngiiig end$ repaired and fh$ purified fiagmmt WM ligatcd wt& Asp71B 
repaired ends of tke binaty vector, pCGP19&S (desfisribed in Exattxple 4) (Figure 16). 
5 Coizort insertion of flie frdgmcut "vras established by rcstiietioin endcmudeafld analysis of 
plasmid DNA. isolated ficm t/c^sxicysAiniMt&s^ transfimnants. The rcsuldng plasmid was 
designated pCGP2134 (Pigunfi 46). 

Jtogtf trm^jyrmatian M^h nCGP2134 
10 The T-DNA contained na tfis binary vector plasmid pCGP2 134 (Kguie 4$) was intiodxiced 
iixto Rosii fybrida Elardinal via Asrobactertum-m^SisBioA tranafinmation. 

Getitla li'3'5'H eon$lructs 

Isolation of a F3'S'H cDNA dane A^m oeiais a fGenttaiia trifiin^ ft^MianL 

The isolation of a sentian cDKA. eocxjdiag FS'5 W has been detoribed previously (Taziaka 
et ah^ 1996^ s$gM^ and is contained within fhe plasmid pG48 CPigore 47). Ckanpadmm of 
the nnclecsitide aeqpienoe of fiie geotia F3'5H done iGen§48) (SBQ ID NO:22) contained in 
d» plaamid pG48 CFignte 47) with that of the pc(nniai?3'JKrrw«alcd aconnd 61% identity 
20 to the pehmia FS'J'HpeO^ clone (SEQ ID NO:I) and 64% identity to fhe petonia 
F3'3 'UpeiBSfl clone (SBQ DO NO:3). 

The binary VBdar nCGPl498 rA mCHS 5'z mniia F3'S*JTj n^ns ? 
The plasmid pCCfPt498 (^gare 48) contains the g«atia F3'5« {GenmS) cDNA clone 
25 betv<reen a snapdragon CHS promoter fts^gment (AmCHS 5^ and & petunia teiminalor 
ftapneni (petDS 3^) in tandem with the SuRB selectable marker gene cassette of 

the biiiary vector pWTT21 32 (Eigure 6). 

The pfitXttiiAF3'SW(peiF^) ciDNA done in pCX»725 (described in B?sample 4) (Figure 7) 
30 was removed by inifiAlly digesting pCCT725 wiih fte restriction sodoniicloases JJEtel and 
BaviBL The ends w«» tepahrcd the -4.9kb fiagment containiiig the vector yunXh the 
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'9661 '7^ ^ mBqcisjij^ BSTLO-Clizaad pa^seSfjp yvs/SHM^ff P^^eSn pro pdj»io$i 
sq^ strcjd pnii$Kr|d jo uopsoSfp iCq pesc^jiai sem 9Np VNCtO JrbSXi HfjttoS ^qo;. 

vpuq^ vitnmjt POT wn «liao5p« isomo TOiwo:ii sieAi?Eao mu^mdckCm smptmuj oiof 

SI 

mdn pdfiis9|«i;i oiioS H^SiSd ommiqa aqg «cp pun panedex raiAX ptamid p^vuBooii 
9tl( JO «puQ SuiStieipdAO eqx eseepnnopro tnn|dp}$ox org 8int«eaTp i^i^og: 
^ d6trld03d P'^'P'BJ t»ip SIM onisssra ^£ npiiaSg SHD^ ^^Js 

mpini ra loatuS^ M£i€d nopi!»sm ^oaiioo 'gsj^I^OOd oonpoid moip 

VNaP 37i7«aS oq^ Swoibjiioo Cz,t? amSia) gt^od raotf ^ramSag TJtL^r^snPW ^ L'l^ 

dq;^ JO spud pajradQii oq^ q^i/^ p99iaSi[ pm p^gimJ s)^i»n]Sejg( ffcZT^^/ pom .SSMO^W 
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Htfi tbimv vedor nCGPI982 fCiiMVBSS: eentia F3'S'H: ocs 3') 

the binaiy v^ctooc pCGE'l9S2 (BigorD 50) contains a chimeric CaMV 3SS: genixa F3'5'H: 

tfca 3* gew oassette in taadem with the 35SS': SkS0 selectable maiker gene oasselte of fite 

5 

Iniarme^Oes in ^r^ara^&m of Ac bbuary vector pCXSrJP1982 
The pksndd p048 (Figure 47) was SxmseA laspOA cUgoBtion with the xestriotioii 
endocnieleaM ^4^718. The overhansmg ends wme repaired and then ,ttie gootia FS^S'H 
cDNA okme {G0n^48) wii» ireleased i^^ofi digestion with tbe xestrictioct endoouclease 
10 ^mHI. The ^IJ kb fiagitnent ligsted with tiite S.9Skb (TCpahred ^sySomBl 

firagment of pKIWllOI (Jaii$$cii and Gardner, 1989, suprd), Conect Imertioa of the 
fiagment wds establiilied lyy ro&tricticn drtdomideafle analyais of pksmid DNA isolated 
fiom ampicillin-xefiistant tcansfbinnarite. The resultmgplaimdd was desiguated pCGP1981* 

15 An ^3*<S Kb fiagment wmaiiimg ibe CaMV 3SS: gentia FS'SH: oca 3' chimeric gene 
cassette was itdeased upaa <fige$tia!i of the plasndd pCGP1981 vdfh Che ic8tdc(3<m 
endooacieiises JihoJ and Xbal Tbe ovezhmghig endi were repaired and the potified 
fiagment was llgated with repatred ends of i%i7t8 dijg^ated bnuoy vootor; pWTTZ132« 
CoQcrcct ixiBcatioa of the fiagment was cBtahtiaKed by restriotioa eodonuelease analysia of 

20 plaaiQcudDNA isolated fiomt^aeyolineH^ There$uIt2ZigplasQudwas 
designated pCaP1982 CPigure 50). 

Rosm transfonnatiQH wigb oCOP1982 

The T-DNA contaijoed in the binary vector p)asxnid pCGP1982 (PigKU^ 50) was intreduced 
25 iixto Rosa hybrida cv, Kardinal via 4sro&acl^e^ftl»l•4nediated trans&nnation. 
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EXAMPIiBS 

Afuifysi^ aftransgemc carnailaAp pi^unia tmd rase 

The transs&nic plants pcoduoed in tho experiiDatite described in Bxaoiple 7 were ff&mi to 
fio wcdng. Flowers were ooUectod and the colors of fbe petals weie coded udofi tiw Ro^ 
S Hbrdcultnral Socfety Colour Chartia (EUEISCC}. The aatbooyEmim were «t£8Cted and fhe 
aislhoGy&nidins analysed by apectropbotometric^ TLC and/or HPLC analysia. Total RNA 
wan also isolated ftom petal tissiie of liiB e^propiiale stagra of flowesr developmetit mi 
Notfhem blot analyais was used to detect tranac^jpta of FS'J'H tranafteaes. The leaolts of 
tile tzanssenlc analysis are sumioarlsed hi Tiablea 11, 12 and 13. 

10 

Camaticm 

The F3*5'H gmes described in Example 7 woie evaluated fbr their abiKty to lead to the 
production of delpbuudm-based pigments in eamalion petds. Two carnation cuttivsirs, 
Kxvtma Chanel (K;C) and Monte Lisa (Ml^^ were uaed in the Iraiisfimnation ec^qporunra^ts. 

IS The carnation ciiltivar ECortina Chanel produces pink coloered iIower$ that nonn^y 
accumulate eyanidin^ased aqEXtfaocyanina. Tbis Gultrvarliiesr^cae oontab$ a camatioi^ FJ'H 
and DFR actiidtyllkat ait KzitrodacedES'S'Hw^ need to compete widi fox substrate. The 
camation ooltivar Monte Xasaproduees brick red jcolored floweta Ifaat normal^ aoommilBte 
pelargonidmrbaaed anthcoyamna. Thie onltilvai: ia tiiou^ to lack fully funetional F3*H 

20 activity and contam a DPR tbat is capable of anting on DHK aod thus an inbodaced PS'S'H 
would only be xequixed to compete mlih fh« endogsenous DFR &r substtate. 
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ziciznb«r of lEidiyidiial &v&aU in yvinoh del^phimdln or {felphimdin- 
hasGd moleoules was detodied in petals (as detenninBd fay TLO) over <be total numbGr of. 
individual evcnta aisilyzed 

fiPlJC-4- s= number of indxvj^nal events in wliich delphmidin or delphinsdm- 

5 based moleoul^^ wcis dcCoctod in petals (as determined by HPLC) over Hie total number of 
individual «vwts anfilyz»d 

Iflghfist % d«l' - Hijg^efft % dotphinidin or deiphinidkt-based mdlecukd deteoted in 
thepctels for dio pc^uladcHi of tcaxifi^^ 

Av %del ^ av^aiage Vq ddlphinidin or delphinidinrfaased molecules detected in 

10 the petals £br the pqpnktiiui of transgenic events 

Nwthom - iHunber of individual ovcnts in whicsh fee specific intact F3'5H 

trtmscripts wedre detected by Northern blot analyst in total RNA isolated fiom petals over 
tiio total nnmber of events analyzed 
Hd = not done 

15 

The resulia suggest that all of the FS'SW setjiwmces evaluated Q^etuoia petlff], petunia 
SaMa Sdim, Salvia Sam?^ SoUya Sofm, Buttecfly pea BpeaHFl^ panay BPm8. 
pansy BP^O and Geniian Gm #48} weic stable in carnation and lesolted in the pcoduction 
of novel de^hinidiEb-baaed pigments bi carnation flowers. Entaot tranaccipta of each F3 "S*H 
20 V9&re deteefiBd by Norfhem blot analysis m total RNA iaolated fiom petals of the ttaosgenic 
eamations. 

Petunia 

Hie F3*5*H graes des^ibed in Example 7 were evalttated for their ability to lead to the 
25 production of ddLphinidin-based pigmeoots in petunia petals. The P. hybrida Fl hybrid Sfcr4 
X SW63 wliich is homozygous teccsHve fbr ijfl and was used in the transfbrmation 
experimente. Altliou^ Skrt x SW63 is homozygous recessive for i57 and Hf2^ these 
mutatKma do not complBtely Uodc production of the endogenous F3'5'H (see US Patent 
Nuniber 5,349,125) and low levels of matvidin are pxoduced to £jtve die petal Hmb a pale 
30 lilac color. Malvidin xa the mefhjlated derivative of iha 3'5*"l]9dioxylated pigmeal^ 
delphinidin or delphmidin-b'ased molecules (Figures lA and IB). Speottophotomatdo 
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' TLO — numbsrof individial<!weiinitsin^w^ 

(at a level above Hie Slcr4 x Sw63 background) (as detacmltuad by TLC) over ^ total 
iBimber of nidivi<iaAl CYcntB ana^ 

Col «- Tiunxbor of mdividaal events that inpodiiced fbwoB vnOx m attmd flowear 
S coIct coinpargd to flic coptrol over the total number mcaminfid 
tA^O = number of individual we;^ 

petals as meastired by spectsopbotometnc axudy^ of crude GXtmcts over the mmibar of 
individual eraots analyzsed (m pmoles/g) 

Best ^ bi^st anthocyaain. anuHUt as meaaiued by sjyectiofihotomeitdo analyasa 
10 of imido eacttdi^ fioDi a Sovfrer of an individual evmt (in |imofos/^ 

Av = tiia average omowi of aniiiocyaimi detected as measiired by 

spodropbolonietrio analysis of crude extracts firom a fktfw&r ijx the population of traasgemc 
flowocs analysed (io ^olea/g) 

North»n = number of individual events in whiob Ifao specific intact FS*5H: transcripts 
15 wore detected by Nmthem blot analyse in total KHA isolatad from pelala over tho total 
xuimber of crmts analyzed 

Best color » mo^ dramatic <»>lor change recorded £>r&etransg^ 

nd <B mtdone 

na not applicable 

20 

iDtrodoctkin of the FJ'J'iT ^ne expression cassettes tnfso SkE4 x SW$3 led to a dramatic 
flower color dbaaage Scorn pate lilac to puzpte wilb a dramadc increase in tlie production of 
maMdin. in pertals.. 

25 Ibe results suggest Oiat all of the F3'S'H sequences tested (petunia peO^^ petunia petFffZy 
Silvia Sam^ Salvia Sam?^ Sollya Soms, Butterfly pea .£^«aHR2. pansy BP»ia, pan^ 
BPiHO^ Gentian Gen#48^ Kennedia KenniOiy ^ere stable in petunia petals and zeaiilted in 
tbe complementa^oiL of the Is^J or Iif2 nmtation in the SIqc4 x SW63 petunia line leading 
to dramatically inoieased levels of malvidin aoounralaticm v/itti a concomitant color cbange 

30 
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aisicimnaoe Xoraxzoa jsq^ siMkOiy p»dick> sooopoxd opcmABq jreAp^na 

*99Kii8qn8 t||iM d)j»dcuoo pom pinoM HiSi£d po^pmxn 9q:i iBip MDiApoe 
pue aej dsai saTe)iiQ9 9»y»z9qi JBAi^pio $tqx •suTciafooip.xw pdSttq-ttSpiueXo omomnam 
iCipniEiCQ jsq^ sjaAiog paioiod pax Beonpoid ^nnpn^ JSAmao 9iix -s^odomedxd 5 
TOgBoaq^siz&q xft p98n «ku& (abi) dpnBAri » (dS) asfoxozd 90s '(pn^j^ pSi'i'^P^^ 
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F3*5»H « the i?3 '5 W sequence contained 

plasmid = the plwttid nuniber of the bmaty vactor osed in the transfinmi^on 

5 Cult ^ Rosaf^bridac\MvBr 
Xasti ^ Kardinal 
SF = SoflPtraiiSB 
Lay =" Lavande 
#i£ - # of iiutepeadeEitli^tifigQinc events 

10 TLC^ — lumiber of iodividiial events that accmnulatcKl delectalde itolphiniditt or 
dfilphimdui-baBed moleciile& (as detetminod by TLQ in the petals over the number of 
individual eveat$ anidyzed 

HPIX>t- number of individual ei\rmts that accniinulated dete^able delpihinidiit or 

delpbinidiohbased xnoleoulea (a« detemuned by HFLQ in the petals oveir the number of 
15 individual events analyzed 

Norliiem » jomnber of individual events' in which the spedifio intact FSVff 

tranacfipt^ were detected by Northern blot analysis in total KNA isolated fiom pelstls over 
the total number of events analyzed 

20 urf notdonc 
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SmjeiwunsKiB spuoABB pro snfpiwiCooqjini oi^ jo cj$<i?ot jyHK <>i 08SI 33SSni) 
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jQXoo ei^ lb ^sodan qonoBA ^ Jo 019 poe apioaioni mpiaeifoonpim aq;} jo uorrso^jipoui 

-spi)od QSOf m 99[iid8[oin p9»«q-^i3fp|inqdpp jo ixtpiqnoqndiep 

iCsuBd uiocg 83gi»iibo$ HttsEd ^ "^Idd mojc tn p93iip<ud s»|nfldiom pmq-ixipicxnidpp jd 
iii{>ianef[3p JO soSttfQMJod 0ApB|9tX dfq) no pme 'sievsd 0902 in s}U0ni9}d posoq sspiodiom 
:p9Bmi-{sipTiEiqdiop jo u!pmiqd{dp jo ixot^ionpojKl arqj. ni pGE^iriBOj toffT) vinjpuxMjyj 

i7rvij0S' nisog 8wo|3 VKCP ™^ poAiJsp s^ouonbdfi HtSiCd ^poimpaAd soouetibas 

H^ff^td «"qi JO "S5!n»iis3td sex^^o^ posBq-mpiniqdiap 10 ntpraiqdjop jo uotioiipcud 
sq;^ acs Mon« ca^ som^zno -^ci pro aCdt snottdSopro oqi tpjM 9p<fcioo oxqem oi 

20 pamnpunj )Oii J9ipi9 otm. poonpoid oiuAeos 9(p jk> socCziis ^ jc notifBiniunosB 
on jaq;t«> dssqi. ^spsidd &wi n( o^ismnmraB pip sid^iswaeti jgSiCd wpoouarx 
q?noq}iir jMaMkOH osoi m p9)Simono99 jaFpnoA^ pne b/!iios ^tpeawji ^vajbb 'iCsoed 
uKXff sidpasDBQ HiSf^Jl UJSwi-TWf »sai to dt^xnumoae oi poRQ: («inn»od) 

x^/,«9/^f V7«n;f9<f pu0 (oBpnsS) HMojftJi vuDWiSQ "(eod Xipaonq) vnmm ^imno vucMff 
p»)Biost se9it9nl^9s ^^jEVfif poonpoijai oi© jo s^c^Birai^ |oig hi "MOS tit pnraiptatf. wan 
toar aapasABT pro TS^m^Jf «IP*toox ^««»^ twi^O 'ffWy^ff *ff ^wcd 
isod A^janTiH «*IPS ^^Mif «S « WtJS ^mi^S ^lAPS *2yQ=PK«^ ^lomad •t4p»cf 
vfEnqad) posBaese soc»i»a&0» HtSiSjI «R J«> IP A^fcwudnM )8dSStifi fijinsai eqi 
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cyanidin> 0,004 mg/g pelflr^^din). The estimated vacuolar pH of Medeo potols is axound 

The lose cuMvat Pamela pcodoces ^^Adte to very pal0 p»ak colored flow^ It ^niilarly 
5 aocumii]te.tes low levds of anltiocyaDiii and reAattvely litgh levelB of flavoniob. 

The T-DNA coDtamed in .thet oonstruct pCXSP19e9 (PigUTO 30) iocoiporatiiig fhe pansy 
P3'57i clones BPit40, was also inirodaced into the rose cultivar$ Medeo and Pamelft 
resultbig in Ibe ptoduction of over 90% delpMnidin or delphinidm-baaed molecidcs in 
10 these roses and leading to a draznadc color change and noverl colored flowers. Th^ most 
dramatic color change in tmnsgicmc Medeo flow^ was io a pinple/violet color of RHSOC 
7Cb^ TOo* 80c> lB6b* The most drametio color change in transgenic Pamela jflbwcEB was to 
apfuxplc/violet color of EHSCC 71c. 60c, 71b, 80b* 

15 In coDcIiEsion« two nnescpected findings ware revealed when gene sequences that had heen 
proven to lead to fiincEiaimlify in petunia Md camation were intcodttced into loses. 

Ftrsty the petonia FS'S'H psO^J (and petSSfZi aequeDces thai had resulted in novd color 
producdon in camation and also proven to lead to synthesis of a ftocttanal ^s^zyxM in 

20 petunia did tigyt lead to IblHensdi (or intaot) transact accumulaliaa (as detectable by 
Norfhem blot analysia) in rose petals. In £act| theire 'was eifbo: no aocurnidation of full- 
length or intact transcript or the transcripts that wesre detected were degraded and werfr 
seen as low MW (or fas^ migratuxg) smears on KNA blots indicating the presence of low 
MW heterologoiw hybridizins KNA. Therefore in order to find a FB*5*H aequenoe tiiat 

25 would acciunulate in rose and lead to a fimctional oozyme^ a nimxber of F3*S^H sequences 
were isolated. Again it was not obvious which sequence would lead to an active enzyme in 
rose petals. All of the F3'5'H sequences isolated were tested ^ functionality in camation 
and/or petania and all led to. acewnulaiion of intact transciipta and production of a 
fimoticoai F3*5W activity. However only F3V*H sequences fiom pansy {BP^IS and 

30 BPmOi, salvia {Sat^ and Sam7)y sollya iSoUIS)^ knnnedia (KennUSI) and Iwendec 
CLBGi resulted in acconudafion of intact fiiU4ength transezipts and only tbo8e.&om pansy 
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nd = notdoae 

Mai " mdyidin dented ill petofe«s analysed by TLC 

Del ^ dolphimdm or ddplunidtn-based molecules delected m petels d3 analysed by 
TLCorHFLC 
5 + « yes 
- — no 

EXAMPU&9 

Vse 43fpani^ FS'S'H'saqumMeg Ai spedas aiher than wwr 
10 <f^rt^em 

From the ^amp]e& ^ovep It wad clear that the pansy F3'S'H &equence$» BPUJ8 and 
BPit40. resulted m fwctional FS'S^ET ^vity and lead to 0ie piodiiction of levels of 
ddpWnMffl odr delpimudis-baaed moIeo»lea iniosea and camatioDiS. 

15 The T-DNA fi?oin binary oonstnict pCGP1969 (described m Exan^Ie 8) (Figiu» 30) 
oontauiixjig Ihe chimedc CaMV 35S: pansy BPU40 FS'SW: ocs 3' gme eKpissBicm cassette 
was introduced into the gerbera cultivBr Boogfe via Agrobacierium-mcdisLsd 
tcskimfSunuBdon^ to test the fancrJfn^j^Hty of flie pan&y F3'SW Bequenoe in gefbera, 

20 Of six events produced to dat^ one (#23407) has pKodYSced floweis ^fh a diamalic color 
dbatiffi (RHSCC 70c) cotmpared to the contrca flower color (BBSCC 38a, 38c), 

The color chac^ of Ibe petals of the transgenic gerbera has been canehded vnth the 
presence of ddphMdin or deipliiiddn>basod mcleeoles as deflected by TLC, 

25 

In Older to produce ddphhudm or de^dsinidin-based moleculoB pigpiadts in plants that do 
not normally produce dc^dunidm-based irifgznents and does not eontahi a flavonoid 3*5'- 
bydroxylase eonstnaets contabiing a F3'5*H gene (such as but not limzced (o a chfanaeric 
30 Viola spp, and/br &itvUz and/or Sotfya spp, and/or La'mndula spp. mi/or Kmnedia 
i^p. F3'S'H gene) are uitroduced hito a species that does not nomially produce 



Ti*i ' 



siP&mBia c\ pern EiSiid ^ 3<g Smpm uoj&Mt aqu o} (saApeAfjop softi^idiom pomq 0£ 
pe^dooiSAxa jo wpspuSopocmB loofntosqias ^ pae X:}i[r<msm o) Smpmi «»909iibo6 oq^ 

oi ,£ pro txo^9Ji SmpDO em. pup swnonba^ •iCoti)atOfis9 i«nopepuK^ pure iC)in<t^$ 

sdiin)9inos) aoD^b?? Stnpoo QiQ -aoiiMtes joioomid iiraAjS b oi ipioosf^ Jo/pas QQusnbsB 
Soipod an 3iqfilii2tdO Xiisjiqsn SdOumb^s 11109 poAUop dq .Ami pro susimip 

Ivaoi^Bifiii^ pisB ^ic^ iduosueic} tn 9ioa « ipiq^ C^Hif) ooiSax pd)e|8ii9i|im 
.S.oitn se poicmap si ipTq;M VNa poqjwiiBi]. tEOjSaJ afqttueii « imod uoiidpasTOi^ 
JO uoiiBiiicn oqi ^o} £ jo 'mag: ii]eai)saM.op XtaTeipsmoii -nopmiroi tcof^dposiRai 
JO imod dip xeaEpoood 9m9q J99p:i oq; ^joanud pue msiimfDEd se peqpoBsp n 
XQBOidCi GtMS fijuOTJsp ipng -uopnpim txoxjdTOSimD jo imod s^qj 01 £ troaiisdti p»ifioox 
'Xt&A|stti^X9 ^oa 3Jiq 'XueoidXii ssaraambas uopspiSati leuoi^dpasniai} jo tempos b opnjoui 
e}t]oiJti9tP xepoassa oqi. -jsitiopimd m s^ue^d ^sastta p^sf^jes m *pm i^i^uoS m s»;oXa»:^ 
1x1 uoti^piSai mxaS jo Smpm^&xapini ire hd pdseq si si^nu^ diom Jo ono jo iiop[»i&iatfiS ' 

X0f «9aBjd cam ixojpnpomq iq? sdpdssra ooisBaidxa SapdomSua; -spi^dadXiod q9ai3 v qI 
jpc^ Sinpos odcmifcos oppoopnii c oi je^sip pue i«uipcwid sodOTtlbm jo fiSoKi « joeiaitm 
qaniAk$jo)o^jo j^qamUB Xq poi»|iip9 'sixizeii eidairein *8t sd^oXrosim m uop(is[nSai GmQ 

9 

^/difir pern f?fUoS^ tipqjitnidns ^spppio "aidqjoS nmiulQqjnBBXjqo 
^oxKBorao C4 ion MB 9aq dptqmi Xcoi sjUBid ifans 'sinaudtid p08Dq-inpmn{<^p 
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M an attempt to idbotify motifi or sitnilaritjie^ betwcca (he i^'J'iJseqaeQQCcs that resulted, 
in fbll-loDgtfa tFanscdprts hdng dolsected in total RNA isolated &om rose fiowei^, sad 
idtimately delphlnWin or delphim4bi4)ased molecul^ pxodwtion, comparisoaoDS wssqgb a 
5 tSDs» of parameters weitt pGrfinmed. These mcliiib4 sequeoce ideotitios at nucldc acid 
and amfno add levels, sequence alignimntd» t^oncsidc elawsifioations^ % at A ox T 
nacleoti<k!8 piesenc m the sequence, % of oodoais wilb an A or T in fhe third porilton etc. 

Taxonomde ^a99^aiiott 

10 The taxQwmy of each specicB from which fbe F3'5*H sequences were isolated waa 
ewtadned (Table 15). There appealed to be no olmona link between tho subclasg 
classification and whetti^ the FS'S'H sequence resulted in an mtaot tmoaeript and 
'subsequent deApbhiidin or dclphhudm-^baaed molaculcs production bck xoses. 

15 Table 15: Taxonomic cla$«xficedons ofOie qpedes that F3'S*H sequfitices wexe isolated 
txm add whe&cr ftie uae of the sequesma resulted in ihiaot trai^cript In rose petala that 
iTrera delectable by SNA blot analysia, 





Species 




Order 


Subdaaa 


Infnct 
tnanaer^ 


ftaroaapatalB 












NO 


NO 


lavemter 


Lavemdutaidi 




Laiuialiis 


ABtatSdae 


YS8 


YBS 


salvia 


Salvia:^ 




Lastdalfls 


AstCEidae 


YBS 


YBS 




Solfya^ppt 






A^fecridae 


YES 


YBS 


petunia 






SelmuOefl 


Astcddae 


NO 


NO 


















JC&jtntfdia spp~ 


Fafaaoeae 


Fabaka • 


ko&idai^ 


YES 


NO 


pea 


CiUoiia 


FiflibaiscBB 


Fabttliss 




NO 


1SK> 


pansy 


Viola spp^ 


VJolaoeae 


Mal{xig}ua]as 


Rofiidse 


YBS 


YES 


m» 


Rosahybrida 


Bsaaolad 
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US 
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p^ui xn pa^fnsdi vsm s3aa9Til)3s H^s^S^ 's^ps^ snouEA 1009 pd;«[o$| H*g^£^ ^ Jo 
B39a9nb3S opiiosioim mo^oq A^ipisp! oaudtt&es pTO« oppniz jo dd«n^oJOd 191 ^iQ^x 

010 ui pnpisaz pin saofOQiibQs jcK,^,£«f sq} no^Aissq 89«£9£Sii|> 8tio{Aq6 m araM uhq, '0?! 

* Cfiq^ isn^lKiUi (zueBu? ^^661 ^7^ ^ uoGclcaoqx) ih^.t B oh? i&jeisnio Smsn peumosidp 
ea9i)& pa^XBAo soousnbas a f; «ii jo tjaija noww^ sdil^Rirapi MOanbds opyjOssiOTca WQ, s 

sdsai ani^sii&n mcjg: «p;od uuxg p9|8iosi ^ 
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Caparison cfFS^S'Jfftnmsiatea HU^aaUde s^tquences 

Tfeub tziaudatcd nuDleotide segoeaoe idcantities and sumknties belweon each oS^FS'S'H 
^uences evahmtfid were also detenniiied vtsiiig £hc ChistalW ]>rogzmi CThompfiOn 9/ a/.» 
1994p suprdi wxibia die MaeVector™ vmicm ai^IicatioxL program (Oxford 

S Molecular Ltd*, BmglancO (Ta^Ie 17}* Tfafirc wera lio obvious difbirmces betweeti the 
F3*5*H ooqueooeB diat roeaUed in (he deteotiin of hAsadt fbU-lmgifa transcript in EtNA 
Isolated ftotn lose potals and those tbAt didaH» 

TAble 17: Pestcentaso of thd amino atdd {sequence identity and ajimladty (in brackets) 
10 between F3'5*H sequences isolated boai various speciea. F3'5*K sequenoes that reeulied 
in intact tEanscdpta bring delected in RNA isoleted fitim rose petals are underlined and in 
italics. 
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^wopSapi loqd aiQ intqjXAi pus sniopSuni Jffiqjo pm 

pro noni^peiS^p img a)Bj(fflxi[i oj oajsb sfixcod mqi, (-s^u^d scioaopoi^iooip mofl pe^ffiosi 
n? sk»M p9i»} sonoS a,Sn$jl oifl P™ sncip9ii(4<»ip aie v|aii|»d puv vopmzoao q^jAL ivxx^ 

Bnm;od JO nopBOTroSjo otuionaS aij^ q^tM ^iqpcHdTwoo,. Mcm pro Crnajusoo 00 J»MoO 

-B ippi pQjedmoo sbal vmOP (jooocoui) 9zitoi« tioq^^ pajM^ap ©laii^ 0»|p) ^pyq^ 
vpdtffBff m ^xsaiS$msxi ^jfof ^ jo uoisBaidxo dienipin pro uop^Xqisfoi sip m ^^msj^KX 

»9) s^oeid ffioraopo[i(30DOUQFto in pssn x&i{J!K DAQOd^Fd 9b ion aze s^mid sncnzopoiKioofp m 07 
uOnsoniao moS sAup pass. sjnmnSKg o^iooHXEd p9)9affiii$ 9 Avq B]iiB{d opioSnreJi tso 
^IP^S *8uopdi^oooaoui pue GPCiopd|4[3oocp 911;^ umugoq pouuraBqo uaeq ssKHcmjgFcp 
*iiiiqp3in:f qtCBild otu wjibtm, "^nsi^ snB»A iera|m snoiaA u»&^ 9citoa. |8i»peq -si aanDpSmpc 

*W /9 jg:oio&eH>Tiaitni. 0[}d£s> is jo piAOipg^ m poipuMi osia 9»9 <ffS V^Wf^'V^ ^ dSnisa 
nopoo JO iiop93sx|iy - fluwuimj a^p X^tfiqe^mit StxxAOitcox m jp/A «9)18 uopsivCuj^im^iod 
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JO v^^gg^ sip XiXidnsy (i^i) 'm^jQ poB jooji i3teA to pwionnnoo jQAdiUkOH '(i66I OT 

'iziz-^:z:i3 :fr6 ^vsa i^s t^^v n^M ^^^^ i» j?<>idseH) 4?^ w^ii^f ^ pw» 

(9661 *66-E8 ^81 't£f^u^^mo "jv oqpia m psAkdiAai) oue3 mxoj '^'ff icprapuq oift ajB 
<^H-9nvi4i, Mom araS b Sapqmit pu« oSssn irapoD 3auQ(i[B jo 8d|diEnsx3 *(£66I '/i8€"€S£ * 
:g£ */CSoiOjfff jsoffmjapif P^d ^orarQ J<^H mopoo pdizajaid dcqpaodsauoo 

ueip ^sniC ptzB x/oc? he ^nepittnqB sb&[ ore snopoo ojsx Snipicoc&eiiioo g 
sy]^ jqgpKiBxx '^tiSA ScofiddiiavosT jo saiiepimqv acg. cx^ paiBtSki oq Xeuz siip poB 
aie wq^o tcmp^pmnfMS^ «Biei posn ans smipm W^uko nopepBjSdp ynXUi poe toxjbpizu; 
JO 9i.iaj dqt fi9duga]|Tq roopoo jo mioqo aqj leiff ^saSSns oaoepiAO eoios sr 
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The oamtait of A axidT wsis oxatoined in AeFS^SH cDNAb evaluated along with that of 
* ibur ikvortoid pu&sw&y ^axm (PS'H, DFft, FLS) thot had been isolated Axm toso 
CTable tS>, The third petition of each codotx (withia the open teading finame) was' also 
S <9(8mxQBd and the pmentage of codon» wilii an A or a T In the thfid. poeoliaa vw 
caloolated CTable 18), 

Table 18s Sumniaiy of the pexcentagp amount of A or T dhmoleotides in the JPS^SH 
sequences isolated and whether the F3^5'H resulted in Ml-kngth traasodpta bei^g 
10 detected hi roae petals by Noirtbemblmanalyfiaw 
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% A Aif 1^ in 
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Viola BP#18 


50 


40 


YES 


YES 


Viola BPMO 


51 


35 


YES 


YES 


SahdaftZ 


48 


33 


YES 


YES 


Salvia#47 


48 


34 


YBS 


YES 


3o1Iya#5 


54 


54 


YES 
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NO 
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5$ 


65 


NO 


NO 
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57 


NO 


NO 
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The Baoleotide1>a86 at the tbizd position of e^ichCQdonofthe four rose sequeocefi eooodmg 
flav^D£K>id psSxwsy &ozyrtM was generBlIy 8nAQraTiti34to 46% of the codoss. In 
F3 '5 'ff sequences that reanilted in intact traxisczipts in rose petals contained an A or 
A T in Ifao third positioiL of eadh codon m 33 to 5496 of the oodons. Howevrar the F3*5'H 
5 8equ«fie3 that did not tesult in intact tianscrq>ts accumulatix]^ in rose petals gedtterally 
oontBined an A or &T in tho third, posilzon of each codtioft in 53 to 66% of the codons^ So 
the percents^ge of eodons mth an A or a. T in the third po^on of the inirodnoed F3'5*H 
genea into rose may also be a &ctor in whether an intact tranacr^t i$ aocnmnlates in rose 
petals and so leads to pnodueiion . of FS^S'H and delphbiidUn or de^Untdtn^^Htsed 
10 molecules. 

It may be that by altering tho overall content of ttje nuoleotides A and/or T in BnyF3'3'H 
DNA sequence that doei$ not result in an intact transciipt in toae sxioh as but nor limited to 
the P(stunia hybrida peffffly Pettmta kybrida petfip, CtitQra temaiea (butterfly pea) 
15 BpeaHFl or Centiana triflora {aentian) Omif43, to a level more consistent widi that found 
in rose genes, intact transcxiptB will accumulate and result in llie efSctent translafioix of 
F3'S tramcdpts and ao to de^inidln or de^hirddOn-iased molecules aeeomulation in 
. roae petals. One way of altering llie AT content of die DNA sequence without altering fte 
amino acid sequence is to target the dsgmeracy of the third poaition of each ccdon. 

20 

Those ained in the art will ^predate Oat the invention deaccibedherem is susceprtible to 
vatiatiAns and modifications other than 1ho$e specifioally descxibed. It is to be nndetatood 
that the xnvration tncludbs all such variatioEns and moditicatioit$« The invmtion also 
includes all of the steps, features^ compositions and compounds refecied to or indicated in 
25 this sp»nflcatton* individually or collectively^ and any and all combinations of any two or 
more of said steps or &ature3» 
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THE CLAIMS TBO& mVEmtOfi ABX AS FOZXO^VS : 

1. An isolated nucleio acid molecule qompriBiikg a sequedoo of miclcotldcG 
aicodmg or eonoplemcsteiy to a xsequmoe encoding a flavoiioid 3% 5^ lijydtoxylase 
(FS'S'H) or « polypeptide baymg F3*5'll activity whereia cxprcsaioxi of said ixucldc acid 
molecule in a rose petal tissua tcsvUtB. in detwtablo leveb of deiphtnidin or d^phaddiH'' 
based molecules as measuted by a cluioznato^apluio tocihnigLie. 

2. An isolated ixwieic stdd raoleouto ooniprising a sequance of nucleotides 
encoding or CDmptemctitdzy to a ftdguence anoodinf a F3'5*H or a polyp^^rtide having 
F3*S^H activity whfiteia eucpxessioa of said nudcic acid molecule in a petal tissue 
x:e»a]ts in a eufScieot level and of transcxipt which is translated to said JFS'S'H aa 
detemdned by detectable levels of de^phmtdtn or delphinidm-based moUcubts as measured 
by a ^iromatogr^ihic tcohoiquj^, 

3« Tbfr Isolated nuoleic «oid xnol«oiile of claim 1 or 2 whecidn expteaaion of 
said niioieic add molecule in said rose petal xesulta in a visually d^ectablo colour change. ^ 

4. The isolated niicleic acid moloculp of any one of claima lto3, .whei«ja tho 
nudeic acid molecule is derived Jixra a pLaut selected fiom the liat comprisizig a VU^la 
spp.. Salvia spp., SoUya spp,^ Lavandula spp, and K^media spp, 

5. The isolated nucleic acid molecule of cUnm 4» wherein the nucleic acid 
moiecole i$ detived fiom a Viola app. planL 

6. The isolated nucleic acid molecule of <dUm $» wherein the uudcic acid 
mclecule is derived from ^ Viota spp., ctdtivar Black Pauay. 
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13. The isolated zmcleio amd nioldcol^ of claim 12» conqm^ng a imcldob'de 
sequence selected ftom SEQ ID NrO:13, SBQ ID NO: 15, a nucleotide sequence havxag at 
least aboiit 40% identity to SBQ ID NO;13, a nucleotide sequajnoe haviiig at least about . 
40% identity to SEQ 7D NO: 15, a nucleotide aequetice capable of bybzidizing to $£Q ID ~ 
NO: 13 or its complement under low $(dng«acy oonditions and a nucleotide sequence 
enable of hybridizing tp SEQ ID NO:15 or hs complement under low stnngency 
conditions. 

14. Hie isolated nnefefe acid molecule of claim 13, compdains dio mitLeatidQ 
sequence set fbrth in SBQ ID NO:13. 

15. The isolated nucleic acid molecule of claim 13^ conipxising the nucleotide 
'sequeiiice set foith in SSQ ID NO:]5. 

16. The isolated nucleic aoid molecule of claim 4, wherein the nwlcic acid 
molecule is derived fiom Solfya spp. 

17. The raolated nuolefo. add molecnle of claim 16, wherein the nucleotide 
sequence encodes a F3'5*H oompdsing an amino acid sequence seleoted fiom SEQ ID 
N0^8 and an amino acid soquence laving at least about 40% similarity to SBQ ID NQ:t 8. 

18^ The isolated nucULc add molecule of clabn 17» comptrising a nucleotide 
sequi^Qioe selected JBxim SBQ ID lQO:17^ a nucleotide sequence having at least about 40% 
identity^ to SEQ ID NO:17 and a nucleotide sequence cc^pable of hybridizing to SEQ ID 
NO: 17 or its complement under low stringency conditions. 

19« The isolated nucleic acid tnolecule of claim 18» oomprising the nucleodde 
seqpience set forth in SEQ ID NO:l7. 

20. The isolated nucleic acid motecule of daim 4, who:^ Otisi nuoleic acid 
' molecule is d^ved from jfij37ine<ffis j;;^ 
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28. The isolated nucleig add molocale of any one of claims 1- to 4^ wbefdik the 
tnicleotide se«iuenc6 compiises an overall perccniage of less than or equal to 54% of the 
nucleotides * 

(i) A, or 

(ii) r,ar 
iiu) AendT 

in Hw fbiid micLeotide posilion of eadh t^odm* 

29* A constmct coxmnising a scqnmcc of nneteotide» oonapdsing: 
• (!) apininotaBrw]iichtsop6nd>leinioB6p^al ti^^ 
1 9 opexal^ Unfced to^ 
(ii} a nucleio acid nuxLeoule ^noodinj^ F3*5^ or oomplementary to a fioquenca 
«i3RX>duig a F3*5'H or a polyp^de having r3*5^H activity wheifem 
expioss^ion of said miolaie acid molecnzle in a to$e petal lissua muKs in 
detecteble levels of delphlnldin or delphinidiit^based molecules m 
measured hy a dDcomatographic technique and wHercin said nuckic acid 
XQolecale is derived fiom a plant selected from the group consisting of a 
Ftoki sfp.. Salvia sppiy S^lfya spp., Lavandtda spp. and KetinaeSa spp, 

30. A construct c(nx^dng a Beqwmce of nudleotideaoomp^ 

. (j^ a pcomoter which is opatablo in rose petal timieffi 

Ifi opendbly linked to^ 
(ii) a nucleio acid molecule encoding F3'5'H» or complementazy to a sequence 
encoding a F3'5*H or a polypeptide having FS^'S*!! activity, whemn 
expression of said nucldc ^d molecule in a zo$d petal tissuo lesults in a 
suificiont level and length of transcript which is tranalatM to said FB'^'H 
as dotermmed hy detect^le levels of delphinidin or delphinldin-based 
molecules OA mesmredhy 2. dtrcm^^ technique. 
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39. The isolated micleic suad molecule of claim 37, wherdn getse comprises 
(he nudeodde sequence set Ibrth in SEQ ZD NO: 1 L 

40. Tfie isalat:ed nucteic add molecule of any one of claims ^ to 34^ wheieitt 
fhe Bucleio arid molecule is derivBd ftam 

41. The isolated BucMc add molecule of claim 40, "^dieordbcL the ^cce comprises 
a nucleotide sequence cnooding F3'5'H compri$ing an axoino add scqtience selected fiom 
SEQ ID NO: 14, SBQ ID NO:16» an mxim acid soquenice having et Icart about 40% 
similarity to SBQ ID N0;L4 and an amino add soqucnce having at least about 40% 
similarity to SBQ ID NO:16. 

42t The isolated nucleic add molecule of claim 41 ^ Avfauscdn the gene comprises 
a. AueLeotid? segueiidBe aeleeted fiom SEQ ID NOrl3» SEQ ID MO:15» a nucleotide 
sequence having at least about 40% identify to SBQ ID N6:13^ a toieldo sequence bavins 
at least about 40% identity to SBQ ID KO:lS» a nxideotide sequeoee capable of 
hj^diziE^ to SBQ n> NOHS or its comptements under low stringent conditions and a 
nucleotide sequence cspsible crf*h3/bn^2dng to SBQ ID NO:lS or is complement under low 
sfringeat oondttions. 

43. . The isolated nuddc acid molecule of f^idm 42, vfbmnn the gene comprises 
the nucleotide sequcaice set &xtb in SBQ ID NO:13. 

44. The isolated nucleic add molecule of claim .42y wherein the geno conqiriaes 
the nudeotide sequence forth in SBQ ID NChl5. 

45. The isolated iiucleio .add molecule of any one of okdms 29 to 34> wbexdn 
the gme is derived ftmn SoUya spp. 
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54. The isolated nucleic add molecule of claim 53, wherdn thtc gcaio encodes 
F3'5'H c<mq>rifiing an amino add sequence selected fitoxn SEQ ID NO:32 and an amino 
acid sequence having at least about 40% similarity to S£Q ID NO;32. 

55^ Tbe isolated nucleic dcid moleeale of claim 54, wherem the gene compxifies 
a nucleotide sequeanoe selected fiom SBQ ID NO:31 and a nucleotido soquenco haviog at 
least aboot 409^ identify to SEQ ID NO:31^ a nucleotide scqiimce capable of hyhndizing 
to SEQ ID NOr31 or its camplesnmta under low sttitismt conditions. 

56. The isolated nucleic acid molecule of t^aam. S$, whegmn tiie gene comiiiiaes 
the nucleotide sequence act fbrth in SEQ ID NOs31* 

57* A method for producing a transgenic flowering plant capable of 
syn&esiziBg a P3*5*H» said mediod contpriaing stably tran&fimtring a cetl of a suitable 
plant with a nucleic aidd sequence a? defined in any one of claima .1 to 28, under 
conditions pemsitling tlie eventuial eMpted^ion of said nucledo acid sequence^ regenerating a 
tran^enic plant j&om ibe cell and growing said ti»ns@smc plant fbr e time and under 
condxiionfl sufiicimtto penmt the expression of Itie nucleic acid s^queuioe. 

58. A method fbr pxoducbis af tcanag^mc plant with reduced Indigeooua or 
existititg F3^5^ acUvity, said method conqknang staUy tramfinming a cell of a suitable 
plant with a nudric acid molecule as defined in any one of duma 1 to 2S, zcgenerating a 
tcansgenic plant ftom the cdl and wheiro necessary growing said tran^enic plant under 
conditions sufflcicnt to permit the expiession of Ibe nucleic acid. 

59, A method ibr ptoduoing a genetically modified plant with reduced 
Sndigoalous or exiatiiig E3'5*H activity; s«dd method compnsmg altering the F3 *5*H gene 
through modificatioQ of 1^ indigenous sequences via homologous recombination ii:om an 
appropriately alteredFS'J'iif gene as defined in any one of cldims I to 28, or a derivative 
or part thereof introduced into the plant cell« and te^gti^crating the gieneticaUy m^odified 
plant fiom the cell. 
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65. A gooetiodty modified plant or part thereof or cells tiiierefiDm ccnupn^ng 
an isolated nucleic add molerak of any mie of clakns 1 to 28 oir comprising to faCTeased 
level of expression of anudeic add molecule of any one of clfloms 1 to 28. 

66. The ganedGalty modified plant or part th^^ any one of 
' dainis 63 to 65 , ^vfdiercin tfie plant part is selected ficoxn sepal, bract, petiole peduncle^ 

ovadesy anthers^ fkmetd^ firaits, nuts, zools, stcsms, leaves^ seeds. 

67. The gcnoficEilIy modified plant or part thereof or oeUs 

claims 63 to 66, wHemin tba plant is a hoidcnltiiial spedes, agricultural apecies or 
omamcfital spedes. 

6S. Use of an isolated nudeio add molecule aa deiSned m «ny one of claims 1 
to 28, in the mami&cture of a genicdc oanstruct cap^Ie of expressing FS'S^'H or down- 
regulating an indigenous F3'S'H enzyme in a pladt 

69. A scz» silencing construct oompriskig an isolated nuddc add molecule as 
defined in any one of daims 1 to 28 or aeonotplex tiiereof. 

70. Tlie genetioally modified plant or pact thereof or cells tbece&om of 63 to 66» 
wimeitt the plant is sdedcd from a lose, carnation^ Hdatithus, petmua. lily^ pan$y, gearbcta, 
chiysanthamDm, geranium, Torma^ Begonia^ Cyclamen, NietenAergiai, CaihatanOius^ 
Pelargoniwn^ ordud» grape^ apple, Ei/^horbia Cfi: Fuchsia. 

71. An extract &om a genetically modified plant or part thereof or cells 
therefioni fixmi anyone of ddms 63 to 67 and 70. 

72. The extract of ddm 71, wherein the extract is a fiavoun^g ox food additive 
or health pioduct cor beverage or juice or colouting. 
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S2<. An isolated nucleic acid molecule comprising a sequoaoe of mud^otides 
csifiodiiig or camplemcQtary to a sequence encoding a FS'S^'H or a polypeptide having 
FS'S'H activity^ wherain aaid nuoldc add molecule is derived iiom butterfly poa. 

83. The isolated nucleio add molecule of claim 81» who:^ the imdeotide 
sequaaee aicodes a F3*5^ oompzising an axxdno add sequence sdecdns fixr SEQ ID 

. 1^:21 smd an dniiuo add sequem:e having at 

84. The isolated middc add xnolccole of claim 83» comprisuig a imdeotide 
sequence aeleetod ficm SBQ ID NO:2(^ a nocleotide sequence having at least about 40K 
identity to SBQ ED NO;20 and a nuolo^tide sequence capfllde of l:o^iidi2iing to SEQ ID 
]NrO:20 or its cosoplement under low ^tiingency conditiaiiK. 

85. The Isolated nucldc acid molecule of claim 84^ camfvrismg Ihe nucleotide 
sequence set JEbiih in SBQ ID NO:20. 

86. The iaolafBd imcldo add molecule of any one of daima 1 to 4, wheiein the 
nuoleotlde sequence con^ses an ovoall paicentage of less than or equal to 35% of the 
nucleotides 

(1) A^or 
(fi) T.or 
(ffi)^ AandT. 

87. An iffolatfid nuddc add molecule conxpnsing SEQ ID NO:S or a fl^^ 
cquivalant thereof. 

88. An isolated uucldc add molecule comimaing SEQ ID NO:30 or a 
fimotional equivalent thereof. 
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Replicon: pBluescript SK (+) vector 2.95kb 

Insert: -I.Skb petunia F3'5'H petHfl cDNA 
homologs fronn P. hybrida cv. OGB 

Figure 2 
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Replicon: -2,7kb EcoRl (blunted) pUC19 vector 

Insert: -LSkb BspHl (blunted)/Fspl fragment 
containing petunia F3'5'H petHfl cDNA from 
PCGP601 



Figure 4 
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Figure 6 
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Replicon: 2.95kb (BamHI/Xbal) blunted vector 
fragment of pBIuescrjpt 11 KS (+) . 

Insert: ~3.5kb PstI (blunted) fragment 
containing AmCHS 5': petHfl: pefD8 3' gene 
from pCGP483 

Figure 7 
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Replicon: ~18.7kb Smal/Pstl pWTT2132 vector 

Insert: ~5.3kb Xbal (blunted)/Pstl fragment 
containing petDd 5': petHfl: petD8 3' gene from 
pCGP1107 



Figure 9 
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Replicon: -IS.Tkb Pst|/BamHI pWTT2132 
vector 

Insert: -Skb Pstl/BamHI fragment containing 
petRTS': petHfl: nos 3' gene fronn pCGP846 

Figure 11 
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LB 



Replicon: -i8,7kb Smal pWTT2132 vector 

Insert: ~2.6kb (Pstl/EcoRI) blunted fragment 
containing CaMV,35S: petHfl: ocs 3' gene from 
PCGP1636 



Figure 13 
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LB 



Replioon: -1 8.4kb Asp71 8 (blunted) 
pCGP1 988 vector 

Insert: -3.7kb (Asp718/Xbal) blunted 
fragment containing CaMV 35S: petHf2: 
oc$ 3' gene from pCGP21 09 



Figure 16 
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Repllcon: -3.3 kb Hmcll/Xhoi vector fragment 
from pCGP2000 (containing CaMV35S 
promoter fragment In pBluescript SK) 

Insert! -I6kb EcoRI (blunted)/ Xhol ocs 3' 
fragment from pKIWIlOl 

Figure 17- 
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LB 



Rep!lcon;-1 1 .8kb BamHI (.GA-filleci)/Sacl 
pBIN19 vector 

Insert -6.7kb Xhol (tC-filled)/Sacl 
fragment containing longpetPLS 5\' GUS: 
petFLS 3' gene from pCGP496 

Figure 19 
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LB 



Replicon: ~18.7kb Pstl pWTT2132 vector 

Insert: -5.4kb Pstl fragment containing 
petRT 5': GUS: petRT 3' gene from 
PCGP1628 



Figure 21 
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LB 



Replicon: ~18.7kb Asp718 (blunted) 
pWTT2 132 vector 

Insert; -S.Skb (Eagl/PstI) blunted 
fragment containing AmCHS 5'; GUS: 
petD8 3' gene from pCGP 1 952 . 



Figure 23 
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Repllconr pBluescript SK 11 (+) vector 2-95kb 

Insert: -1 .6kb pansy F3'5'H BPi^18 cDNA from 
Viola spp. cv. Black Pansy 

Figure 26 
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LB 



Replicon: ~18.7kb Asp718 (blunted) 
pWTT2 132 vector 

Insert: -S.Skb NotI (blunted)/ EcoRV 
fragment containing AmCHS 5'; BP#1d: 
petDd 3' gene from pCGP1970 



Figure 27 
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LB 



Replicon: -18.7kb Asp718 (blunted) 
pWTT21 32 vector 

Insert: ~3.6kb (Xhol /Xbal) blunted 
fragment containing CaMV 35S: BP#18: 
ocs 3' gene from pCGP1 965 



Figure 29 
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Xhol 

RepHcon: pBIuescript SK II {+) vector 2.95kb 

Insert: ~1 .6kb F3'5'H Sa/#2 cDNA from 
Salvia spp. 

Figure 31 
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LB 



Replicon: '-18.4kb Asp718 (blunted) 
pCGP1 988 vector 

Insert: -S.Skb NotI (blunted)/ EcoRV 
fragment containing AmCHS 5': Saf#2: 
petD8 3' gene from pCGP21 16 

Figure 33 
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LB 



Replicon: -18.4kb Asp71 8 (blunted) 
pCGP1 988 vector 

Insert: -3.6kb (Xhol/Xbal) blunted 
fragment containing CaMV35S: 
Sa/#2; ocs 3' gene from pCGP21 12 



Figure 35 
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Repiicon: pBluescript SK 11 (+) vector 
I 2.95kb 

Insert: ~1 .7kb F3'5*H Soim cDNA 
from So//ya spp. 

Figure 37 
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LB 



Repiicon: ~18.4kb Asp718 (blunted) 
pCGP 1988 vector 

Insert: ~3.akb (Asp718/Xbal) blunted 
fragment containing CaMV 35S: 
So!m5: ocs 3' gene from pCGP2129 



Figure 39 
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LB 



Replicon: ~18.4kb Asp718 (blunted) 
pCGP1 988 vector 

Insert: -3.7kb (Notl/ EcoRI) blunted 
fragnnent containing AmCHS 5': 
Kennel: petD8 3' gene from 
PCGP2242 



Figure 41 
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Replicon: pBHF2 BamHl/Pstl 4.5kb vector + partial 
BpeaHF2 insert (bacl<bone = pBluescript SK II (+) 
vector) 

Insert: ~200bp BamHl/Pstl fragment from PGR 
using pBHF2 as template (5' fragment of butterfly 
pea F3'5'H cDNA {BpeaHF2) from Ciitoria temate^ 
including putative initiating codon (ATG)) 

Figure 43 
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Replicon: ~12.8kb pBE2113-GUSs BamHI/Sall 
(pB]121 backbone) 

Insert: --I.Tkb BannHI/Xhol fragment containing 
Cfitoria F3'&H BpeaHF2 cDNA clone frona 
pBHF2F 

Figure 45 
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Replicon: pBluescript SK H (+) vector 2.95kb 

Insert: -1.7kb F3'5'H Gen4M8 cDNA from 
Gentiana triftora 

Figure 47 
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Replicon: -12.8^ pBE2113-GUSs BamHl/Sall 
(pBI121 backbone) 

Insert: -I.Skb BamHI/Xhol fragment containing 
gentian F3'5'H (Gen/T#4e) cDNA clone from 
pG48 



Figure 49 
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Repllcon: pBluescript SK II {+) vector 2.96kb 

Insert: ~1.8kb lavender F3'5'H LBG cDNA 
from Lavenduta nil 

Figure 51 
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-1^ 

fiEQDEKCE 

<lld> Xntftrnational Flower Ddvolopm&nt? Pty» Ltd. 

Tanaka^ Yoshlkaxu (US only) 
Maaon, John (05 only) 

<120> Genetic Se^UMees and Ums Thds^£or 

<1S0> 12322720/BJH 

<XaO> . AD 20029S1088 
<1SI> 2002-OB-30 

<150> AD 2002952835 . 
<151> 2002-09-16 

<1^0> 32 

<170> Patsntln version 3*1 

<210> 1 

<211V 1812 

<212> DNA 

<213> petunia 

<4CO> 1 

ctttataq-ta gnacttcgt tatatstatg taaaattgtg actttgaaaa tcattitiaaat 60 

tateataagg ttcattttat esttgatcjaaa atatttaett cggccatata cgtttitcrcti; 120 

tagtcatgat 9<^a<it^tact; gagcbtggtg oagcaaettc aatcttfeeta atagcaeaca IBO 

taatcatttc aactcttfttt iicaaaaacta cc?ggoc^gca tctacc^qccg gggcoaagag 240 

ggtggqcggt gatcggagca cttccaqittt taggagocat gecacatgtt tecttagcta 300 

aaang^eaaa aaaatatgga gcaatcatgt ntctcaaagt tggaacatgt ggoaliggeag 350 

ttgottofeatf! oTOtgatget gctaaag&at tcttgaaaao aattgatatc aaottcteca 420 

atcgtcGsacc tiaatgmggfc gccacstcact; tagcttataa tgctoaagac atggtttttg 490 

eaeatitatgg accacgatgg aagttgctaa ggaaattaag eaacttgcat atigctagggg 540 



5T or T 

axi tioii sqa »Ti ;i©a am HIV «Tv n«Mr tito t^t»T tiai aw 

Z <001&> 

XHa <zxz> 

906 <tU> 

0081 £fi!:^4A;^nt>:L:v tee^e«^:ve« t>4::^:^q.:ii@:|i&B t|S>94s£«i%fi:> 

OfL^ !)oie«^:^:(6«6 ^wfi^r^vpfo Bie«fi!(eai9:)i& Qfifieee?:^:^^ !)iefi«Bq.c96B :^:^^56:(:^fia 

0691 :^&!^eofiDfiq.q m!|«4s)£^:v ^«^q^5:|«fi« ^«:*oBw:t«op iEr^:t«q.:^^:» i9j&Bq.:^Mo« 

O^dl 4&&«ed::]^i3B vi^^^ot^oDo:^ e:iofie«^e6«o 4:^;i;(o&e:(:io fifi^TiiiaoMe 

09fiT BBeea^T&^ee J5q.:iBrtawa :vBwJ&^6bbo Dct^neTO6B:^ neB=i^q.wo:*:j 1SO^aB6:^^^o 

005T tti»&6v:v:»i9t).« !|.«:|«efi£:)fi5 ^ee^B^q.^^ BBi;i««5s»9e cMt^oB^^^i.:^ t^TOfio^B^vB 

OifPX Bi^B^BB!:^:;.:^ TOOQq.iefi^^Q uB:vi^^eBott «£fiB959!i^oo !)eB::^qB&mo- 040«««BmB 

08CI &^Bie&%t^ti-:{.-:^ «£i»t»^BOd&^ m:^Tv:|l^«6«:( oeont^BBB^B BB^^t^Bnao ooa«&9i&m& 

O^^X Bi^qeeoBBB^ B«:^^B£«;vf> • ^Q^^'eBBieQS «q.BDB^q-e:|:^ fiiBq.9B9:^Beq. 

09ZI «Dfi:(BOQeeB aeefi94S>:i.QB B«i^90q.tvs^e c^q^Bootta^ ::^D44ami^ie BmBd^^^T^cD 

0071 Bet^BtimnBt). t|,q.B»Bi»Bd9 ^93«:^3,aoaq. Dq.ee«oa9qv :)eBoO!|.K£a ^as-^it-^BoBfi 

Of^tt >Bt^«tt^«i9BB :(:iva:|Bma:^ i^BB^otvBbo BcMi»d&«M «saB:].q.:).q«t» dB^dDo-evBs 

0801 efi^«&^«vts6 c9A!).!:^919pBB Bq^vBv^Md ^:^B«q9q.:^Dq. z(DBa9BBpi»:) Btfic^tj^BTOeoq. 

OZOX 4B^%^.nB:^ B^q^^t^eofiB s«ciq.TOi»TOO 8«o«:^e£>^o ^B^a^^^yaitoxi 

096 BBfiB:(.^eieB fi^«:t-:(B4:)£^ -vB^q.cq.t^^d BerioieeeBBB Bn4^"£=l vq^OB^pmo 

006 BnBOBSBieB ^BB:|,:(^fi^pB B««oi»Bqil(e:). q.^a£^Bfi!V^:^ B«BBe«t^B9c :iq.:^on9Bq. 

□B'B BigBaarBCieBB BanBBfiT&toH t|:iT».BBB^«BB :^t^fiuqq:|B4 r^oDt^T^B^I^i.^^^* «BqBBq.tvBO# 

OBU TOq.:^:^e^iBBB MBvq.moi»6 tv«^46«£e:| B:i:(BB:(eo'eB Be«:^:t:^wBq. mv^^BBoB^^ 

02 L B^BB^ww^v& «^^:^::^B:^e BvvnsBiaB^ DB:).^:^eea bBBo;»sB!;^«^ ««6aBB:^«a» 

099 &a:|:v^BB:^^ &i3^e&v&&o&b bBisodBBB^B -eBa^BBBt^^:^ 

009 :^eBBe:voB^« smBBBvriaB vB^emaB^ D44fi:)e?»B &fi:^!^i?8BeBv :(::»aaBi3»aBB 
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Ala HI3 Xlo rifc Ho Ser Thr Ldu il« Soxr Lys Thr l*hr sly, tog Hi* 
20 25 30 ' 

Leu ?ro Pro sXy Pro Ars Gly Txp Pro Vai xie Gly Jila Lqu Pro Leu 
35 , 40 4& 

Leu Gly Ala Met J?ro Hie V»X Ser Leu Ala L^^© Mdt Ala Lyo I.ye Tyr 
30 55 60 . 

Gly Ala llo Met Tyr Leu Lys VaX 5Xy Thr Cys Gly fttot Ala Val Ala 
65 70 75 80 

S«r rhr Pro Asp Ala Ala Lys Ala Phe Leu Lya" Thr Leu Asp lie Aan 
©5 « 90 95 

Pha Ser Aan Arg Pro ,Pro Asa Ala Gly Ala raj? Hlff Leu Ala Tyr Asn 
100 105 110 

r 

Ala Gin Aep Met Val Ph* Ala His Tyr Q^y pro Arg to- Lys Leu Leu 

120 125 

Arg Lya Leu Sor Aan Leu Hla Met Lou Sly G^y l.yje AlA Leu Glu Aan 

13S 140 

Trp Al» Asti Val Arg Ala Asn Glu L«u Gly HI;? Met Lou Lye Sar Mot 

150 155 160 

V 

ser Asp Mat Ser Arg Glu Gly Oln Arg VaX Val Val AXa Glu Met Leu 
165 170 175 

Thx Phe Ala Met Ala Aan Met He Gly Gin vix Met Leu Ser Lys Ara 
lao IBS 190 

Val Phe Val Aap hys Gly Val Glu Val Asn Glu Phe Lys Asp Met Val 
W5 200 20s 

Val Glu Leu Met Thr lie Ala Gly Tyr Phe Asn lie Gly Asp Phe He 
210 215 2Z0 

Pro Cya L&u Ala Trp Met hstp Leu Gin Gly lie Glu Lys Aro Met Lya 
226 . 230 235 240 



■"IMP 



09^ Ofi^ 

©qd ass 5TH T^A Ml atio; AtS nei ^tl xiig) x^A T^^A ^TI ^TD 

S^?, O^tr SSfr 

tjaW fiXtf arm ^T£) «TV b^O «TI i^TS t^TV ^T9 ^ifld o^^ ©Tl nerj 

oefr ozv 

tlt£) oqa <Xsv "usv AtQ Biv <Js?V »Tr ©At TOg U8^ 5jv Axs aes' nei 

9ZP QT» 

oqa occ^ Uffv niS XIB^ o^a. V9V nt£> <i3ii t«A «Tf> <35r\f 

00^ S6C oee see 

^TD ^TI eiv <Sxj, ©x^ T9A *s>s Tioi ^t^ai wtf Ci^-j o:cd »xi 

oac ^Lt OLC 

^1 ari^X ^TS> dsv x^A ^Xl ^TQ us\f aeg axX oxa 'DLe«i us^ 

«d€ 09C sse 

nan o:ca -xqx sth ^q<i xxis, xixo s^i <i!Ao ^tx ^xv 

QSZ SP€ bp€ 

n97 JC^X no^ Ufiv oxi dsv- ciX9 noa 

set ocs ezc 

^TO »TI T^A «T3 ^fiV nxS «XV ^TS "^IV B-^T «TI l^tV "^^^ 



Qz^ si€ . oxe see 

UBV a©M r^aw nxD etHi <3ix nx5 ajT »W »S -^cag 

aac se? 06? 

dsv 3qx i^xO ^TV ^iMiL ^^d 'uev ti©i xioq na^ WTtf a^n ®XI ttov 

^BZ OS? 
jcaS ti^l fiav nra ^^XS icix£> 'jc©s usu <J^V wsv tixs ^aw T«A X^A 



S92 092 

ds^ nscx aqd <Js\? oi^ fiXq sX-j J&jcv nXQ arAx aqx "^xv cXrj «XH 

«S2 OSS ec^z 

nXQ ^"9^ fi^T -^f^lX *^s*X ^©1 «W ^^d *TH 



ITTTOO/COOZnV/XDd: AC90rO/f ooz om 



wo 2004/020637 



PCr/AU2003/001111 



-5- 

Adp Trp Tm^b IM PXO Ser Glu Val lie Glu Leu Aan Met Glu Glu Ala 
465 470 47S ABO 

Phe Sly Ireu Ala Leu Qln i^ya Ala val Pro I«eu siu aUa Met Val Tbr 
485 490 49B 

Pro A7g ][iQU Gin l»«u Asp Val Tyr val Pro 

500 - 505 ' 

<211Si' 1756 

<2iz> vm. 

<Z1^> petunia 
<40a> 3 

frtigMtccag ctictatc^gg crbfct;agacaa tggtgctact tagtigagott gctgeagc«ia 60 

pettaatctt i:ntaa<?aaea catatcttca tttcaactct tctt-tctiata aQtoao^co 120 

ggagtctocc goeagggcca agfigggtggc oggtgatcgg agoaotteca cttttaggag 180 

coatg^eacsa tgtttcetisa gctaaa^tgg caaaaaaata tggagcaeito atgt.atot;ca 24 0 

aagttqgaac giigtggc^tg gtagttgctt etacccctiga tgccgctaaa gcgccottga 300 

aaacarttga tctoaatsttc tceaatogtc cacctaatgc aggtgccaot: 'oact^acfcct 360 

atggtgetea agac5atggtt tttgnacatt *ai:ggaccaag atgg^aagttg ctaaggaaat; 420 

taag&aactt acatatgcrta ggg^gaaag cottagaaaa ttgggcaaaat gnc^tgcca 400 

atgagctagg acacatgcta aaatcgatgt ttgktatgag cagagaaggg gagagagttg 540 

tggtggcgga gatgttgaca tttgccatgg cgaatatgat cggaoaggtg atacttagca 600 

aaagagtatt tgtaaataaa ggt^ttgagg taaatgaatt taaggaoatg gtggtagagt 690 

taatgac^c agaagggc^l: tfctaacattg gtgattttat tccttgttta g<rtit:ggal:gg 720 

Btttaeaagg gatagaaaaa ggaatgaaae gtttacataa gaagtttgat gcttitattga 780 

caaagatgtt tgatgaaaao aaagoaagta gctatgaacg taaggggaaa acagattttc 840 

ttg^ittgtgt tatggaaaat agggacaatt ctgaaggaga aaggotcagi: acaaccaaca 900 

tcaaagcaet cttgctgaat ttgttcacag ctggtaeaga cacttettct agtgcaatag 960 

aatgggcsact tgfiagag&tg afcgaagaaec otgccatttt aaagaaagea caaggagaaa 1020 

tggaticaagt oattggaaao aataggcgtc tgctcgaate ggatatcoca aatctccctt 1080 

acctcogagc aatttgoaaa- gaaai?atttc gaaagcaccc ttgi;acaoca ttaaatctcc 1140 

ctaggatctc gaaagaaeica tgcattgtcg atggttatta cataccaaaa aacactaggc 1200 



Ott sot OOT 

Ax9 nve STH ^^Si WW AxD BTC o^a o« Sjv 9qa 



06 SB 
ucv T\©ii ta*v JMX s^^Tt oAl ©TV ^s\ir ojcd'Sq^c «oe 

OB ' St OL S9 

TVA T»A =|0W ^TO ©-^D ^c^j^ i^ia T«A Si^l n©^ J^i exi "BTV ^TtJ 

09 OS 
aJCii bto ^sr cXi bjv ne^ tos X*A «TH OJd ^V^W ^TO ^TS nai 

0» C£ 
nsi o;ca «TV Aro ©ti T«A ^Jtd «J=«x -^TS oaa ^^is paa o narj 

oe OS 

Sarv £2^ ^td ^£ «T1 "9(1 leidO: ^£ -zes BTX atl 8TH JtUX • 

SI . ' 01 fi I 

itCL sq5 9TI w^T ^txia »tV «Ttf extt ii»a ^ntO »B- Tvai ti^i t^^A 

l«d <zxz> 
909 <Tr?:> 

OMT A:»^o^tV4tf4 c:|^e6tvt^oq.«« fi^Jb^fi^^vfi:). a^:^:^^^^^^ :;^:^oo:V^aaBi? 

isaSct^^nq.:^ O%fi^^fi6055 «566fifi«o6:). fioBo66FB5:t i|e«v:i.m:»^e 
0B9X J5J&^^i^:*55q.*6:*4fi:tBe:i»q. fie:|fiBB:|.':t^:^ 6owq:fc-:joafi::t 

09 ST TOTOSJ&a:iofi «w^os)^oe:i B:i:i:i5:ie5a* ^:)oo£i^&&iB tos^v::^::^^^ 
OOfit o::tooaq£';^5 sMfi«Dfi:».q. o6e:^aeG&^a :i:i96eBfiQ-efi fiae^^Bvet^afi eB:),q.ii:).:ifiQ^ 
01^ &:)£naai9:i.:i'm»6£:|4iafi4 :$.:^«a^.:iB90^ M:)44M«fiB «:iq.?:iBr)i?:^B a&5q.06:(Qie^ 
09€I J&d4wB664w v&mDXt&p&^ s>B:ifi:i»?!-ee eeteWfifi^&fi TjBBq.q.^eoo© :i»B«»&Btv!^ 
03£T :ioeJ&o«fiB6 ^faaoo^BBq. :^^BM&^:^oB «eJ&ee5fi!^B)2 B:>i^i:>:i.:^B6^9 v6»9:^Bq.tl:^ 
Od?T :^fie&«aOTCa oiBnErBefifiB:|:« :iB9»J&0O9ae £efi9eBL&q.ai3 «9BBBt^i»t^« m^4fi:)BB:|:| 
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Ala OlA 2iBp MQ-b ViiX Pha Ala Kls Tyy^ Gly P^o Arg Trp Lys 2»du Xuu 
115 lao 3.23 



Arg Xfys Xm&i $e3cr Asn X)eu His Iieu GXy aiy Lys Ala X«eu Clu Afiti 

130 135 140 

*Czrp Ala A^n Val Ary Ala Asn Blu 'Leu Gly Kis tet Levi Lye S«ir Met 
14S 150 155 160 



PliQ Aap H«t e&r.Az-g Glii Gly Glu Azrg V^I Val Val Ala <SlU Uel: Ikku 
165 X70 175 



Thr PHe Ala Mai: Ala Aan Het lie Gly Gin V&l lie Ser Lya Arg 
IBO IBS XSO 

Val Pbe Val A»n Lys Gly VaX Glu Val Adn Glu PhQ Ly* Adp Met Val 
195 20O 205 

Val Glu Leu Het Thx Ala Gly Tyr Fhe Asil Il« Gly Asp Phe rlo 

210 215 220 



Pro cys Leu Ala Trp Met Asp Le\;i Gin Gly He Olu Lys Qly Itet Lyo 
225 230 235 240 

Airg Leu His LyB Ly^ Phe Asp Ala L^a Leu TJxr Lys Itet Pbe Asp Glu* 
Z45 aso 255 

His Lys Ala Thr Si^r Tyjc Glii Arg Lye Qly Lys Pro Aap ?he Leu Asp 
260 2SS 270 

Cys val M«t Glu Asn Arg Asp Asn Sar Glu Gly Glu T^g Leu 9er thr 
275 280 ' 385 

Zhir A9n Il« Ly« Ala Leu. Lou L«u Aan Leu Phe Thr Ala Gly Thfc^ Asp 
. 290 295 300 

Thr dar ser Ser Ala lie -Glu Tirp Ala Leu Ala (Slu I4et Het Lys Asn 
305 310 315 320 

Pro Ala lie Leu Lya Lys Ala Gin GXy Glu Met Aasp Gin Val Xle Gly 
325 330 335 



OJfZ B:^WB^ie&lx^B ^Gre5w3^t&^ efirpasirBOQ j&eefie«6:^£9 a5&i&B&t^«d:^ fiq£«&oeo£e 

09X e&5oe5e:|09 qb:^:^^^^^^ nJ&96q.9J&'q.«« :(aq.9$-9evJ5:|. ^ri^epfi-eA^Q 

QZX J&!^e4B4TC:i ^o^q.4mfi» 9:)7qit^:v«&40 fi:).:^TO%:^«fi ^eH^i^Si^BVQ «b«:(efi55q.e 

09 Bz^ii>^n&^^ q.^40&4£^n i»';^'90^&eBm ^BBA^web is^B^.^&i^tW o6«d:;t^^«« 

S <QOJt> 

«soa <£XZ> 
VNO <ZXt> 

s <o\z> 



«rof tt^l ojra «xv I^A ^TX Q^a oaa 



aqlE TBA 4«>W BTV tiTO o^a x«A 



BXV "^TQ tttS> trey n©i nxt «TI 



etw jcos «TH T«A wi 3t«D -^^TO 



cAl «TO *»TV tt**! ^ta «^ 



T»A tlTfi ««S oaa i^^l 



»T1 rvio T^A WW T»A OTI 



. fil^fr 0^1^ SCV 

q.BM exv ^XE) «TW «^ *T1 J&^V J^T9 ^TV ^10 o^d WI 

OCP' SS» O?^ 

0Ua ctev usv ^tO o^d «TX ^1 

9Xf Otfr SOf 

0^ ntS 02a «qa tkTD OXd «BV ^19 XVA «^T£> 



OOt' »C 06e S8C 

AtO *TI «TC oiX "ttW T«A 3t©s Ml Jcqj; tibv bA^j oJd QTl 

ose c^c 

aAx 5cAj[, Ats <3sif t«A 911 9^ axQ tzErv 2»S ^TI 4^ U8v 



99e 09 S 

neij ojca JTUi aee oaa fiTH sAl fi-W ^1 nio fiA^ sAo atX «TV fire 



o«e spe ot-c 

n^*! aAx o«a •n*^ usv o^a 9TE ds^ atS "-^l ""^V ««V 
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way LT^y^ vsr^ 




ggca.iigg<3Tic gaacxsgatSwC 


ti gt oaga^a 


a oagaagaga 


300 




agtz^gt^cal^ c 


acl:gagatga gcs^aca'ttgc 


o&acccrbgai; 


aaaact:gatia 


. 360 




ggtigcctcaa 


aat;gagact:g a'tga^ggotrb 


taataacact: 


c*gg€itgatg' 


420 




^g'aag^gaca 


gaagagaa^ii c^stgacagacg 


tgcgaaggaa 


grtigacagaag . 


460 




caaagdt:g1:>l^ 


ttgaagaata tcatr^aatt 


crticacgt^gc^ 


tcttcjtgtgg 


540 




aatitCGagtg 


ttggatgtga aatttacttc 


tcttgaaagt 


t:gcagtgcc3a 


$00 


cttgttctct; 


tgcagccctt 


t'tgtctgaat cgccggaatc 


aatg^ctgaa 


gcaactt-gtg 


660 




^Q'atgBtglrg 


ccccc^gti^g gtgaggagtc 


tagettgatt 


ttggtggaag 


120 




ggtilrggtioc't 


actcctgata gtaattttta 


tgtggatatg 


g4L-&^actat:a 


790 




acc't't^^fagc 


acatgggatg cgaatctgca 


gtgtgaaaca 


trcaaatagcc 


• 840 




-Lgcitgcaagt 


ctcatttgat agcst-tctgtg 


ttaataactt 


tgttagtofeg 


9D0 




"b g ti ct a gapa 


agaattgg'tc gl;gt:acta^c. 


gtgtgttttl; 


gcegtgcttt 


960 




a acc&a 't't 


gagaaaact^g gctgcatatt 


t:tgaggagtc 


t:Gtgaatt:ct 


1020 




<a CT. B u gc 


4* .^v4« n _r_ i 4« ^ ^ n * 

a^gT^aggrgg cai^accact^x 


cagggattct 


tcnattcttt 


1080 


ft ft +■ A cstre 






gt C t at: tggg 


tgaaag^aat 


1140 




ggBiaagciiCi^ 


acggtiittac cgcaggtcaa 


ttttcatagc 


tccacaagtg 


1200 


A ^ ^ 4* ja a a ^ 


^SM M V^I^ ^< ^ ,J^_^^ 

g otrC* c aggo 


1.1 I __ 1 1 jui fci i- J. ■_ i_ l_ ^ ,, 

tttatgttcg tcGtcaacct 


ctggagaoga 


t:gt:ttgttgg 


1260 






accaaaQtrO^ aacccat^c't-t^ 


ccataa'tl^'td 


taauaca«iat 


1320 


y ^ V V»CS» ^ 




aai;x:atvgvg acacccggcT^ 


accaccc^aa 


aeatcggtca * 


1380 




e^^fe ft 1 1 crh ca 


A d lb £3 a 4* 4^j^4»i»^^< «li »'»im^^ 


at;tiaaacaca 


gctiagaaaga 


1440 




cQacaa'btcg 


agcaceeacfc acctat^^tac 


gaagtcatga 


gttcgagtcsa 


1500 




agaagtgaaa 


tca-tttgatc atctttaaag 


aaat;aaaagg 


aagagttgaa 


15 &0 




gctcttgtcc 


caaaaagaac taatagttca 


gt^gcaccgao 


gtgtatttgc 


1620 




atgcrattgtt. 


agattaliatt aaatacactc 


ttaggttatt 


aataaaaata 


1680 


tstaattataa 


atateaaaag 


ttgagatcat cttataaatg 


ttgggtcagjt 


tacacjcgtcg 


1740 


gtigcatagaa 


taatt-fcccaa 


actatataat agccttcatt 


ttctgattta 


gctcatggga 


18 00 ■ 


cat^a1:tgct 


ataaataatt 


gtactcgtag aggcatact-t 


gtgtcttttt 


atacagttgt 


18 SO. 


aotgaagciic 


agaaaagttt 


atgaaggtga gaactgagaa 


gggcaaggoa 


1:1rtggtagt;ti . 


1^20 



TIB'I " 



QZ <izz> 
$ <oxz> 



02 i&TVTCi&:pi!6fi c^fia^B6i9TO 

L <00f> 

BTutiu^^a <zzz> 

vNa <ziz> 

oz <zzt> 

c <oxz> 



9 <00fr> 

VMa <zxz> 
<xxz> 

9 <OXZ> 

pesg TflfBs-ijoSeBao T»:ka&5":|«6Bfi oci:^!;»:^:^mm 

OBBZ o;;^o»:5^6:v40 0:1^00^.4*0:^ o6;^o^eisi&«d »»Bpw3B:^ ^w;^oB:i:^:i.o^ ;).:^!^44«»«:t. 

9:^q.'B:^«:(:iBO a'efico:;?:^:)^. ^ssoziu^vov^ 9!^I9^«^^b:;> ^a^il^os^^ sv9:).o:^:;9oa 
QSLZ q.:^ofio:^oq.oo eaooeq^ofiTO oooot^eBt^a sob^eafiBB^ tV^oi^BfiseoB e^sat^t^'^BBfiB 
00^3 ^s>=»6«^^53a J5:^eo«o6:^^B nvt^vrv^oom '«cwdv90«o VDcocvoBBa ^©5aq;qE:^i&BB 
0»9Z oB'q.^oq.9i3TO o^:(Mfio??e awBieBvBaB mieuBB\9:^& q.^q.fi^:(:^Bo B^^^-^^vcvv 

BoBfie-BBwa 99«ee5eiS«? q.:jHBB:jq.:^fie ^o:iqwMp:^e 4oq;o6:i^B:^o v:)£&:^B^&dB. 

BfipBTOJS^Bq. B«'Bq.iBF^a&^i :j:jBfi:v:;44Bo TOOt^B^i^qoi^ B:^v4:ifi»B:^iB:i :ti&6:^q.:vfipBH 

:^e>*:jM6:i:i :>IB:i©ODt2e:io iifispowotU :taaq.a^fiEW OBl^BoBtipi^H mow^OM» 
OO^Z -B^.iB^zfi'e^xixt q.ee:^I^^:^F01^o eeetfr^MB:^^ wijaoiv^e^ o:tT!B:ie:»'E©e isnavfieeaB^ 
CVtt BBoiB^^ia:^:^^ ee«::^?&o:^q. »TO:^^:voq.«q. oaTO«e:^^^w ofittB«TCoB 

08SS B:^^fiq,:^^I^^ 4=weBoM:»:; wawwB^ziH^ 

OZZZ B:^:;^aiq.6:i44 ^^e^seq-^^tH w;:p^:^q.:^^u^J5 aae^q.«:i4 q^;*BM:^^B^ 

Q9XZ l^t^lib^:^-:^-:^:^'^ B:^BB4:t^B»» :;Oe:>'&«aeBq. oPHBiei^BBtBO OMftTOO^-^o 

OOTZ ots-^-Ot^fi^orvo Fo:ib:^4«:vT? ^^bi^i^b:^:^:^ eao:jcov3fiF ME^aaobaa 

O^OS o^^cvBtoBB^-b :^^^ie^:i^p:;tf Dt^B:^D4BB^q. otbo;io4:;o:^ De»oBBBB:i bf«0?:j«ooo 
066t :^^o^:tOT^^lV oo-^:io6TOB^ ^TSdB^ebooo cbB^^q^is^^ B:iB:i«a6fic& 
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<400> 8 

gttaaggaag ceatgggtgt . '20 

<21G> 9 
<2ll> 1640 

<zi2> im. 

<2I3> viola 
<400> ^ 

agooaatatg gcaa-ttccag tcactgacct Z^ctgtcgcsq gtfcatccttt tcttgatcac €0 

tcgct-tGota gbtcgt-tcto t1:tt;caadaa accsaacogga ecgetiBccgc cgggteettc 120 

aggctggccc tt:ggt9ggcg cgciccctet: cclzaggcgcc atgocrtc^cg t&caGaciiagc 180 
caacctcgcti aaaaaatacg gi:ocg&t:BalL gt;acctaaaa a1:gggoac$t: gcgacsatigg^ ; 240l 

ggtcgcgticc aotcc'cgacn cggctogagc ct^cctcaaa accct:agacc tcaacttctc 300 

ogacegcceg cceaacgccg gc^ccaccca tttggegtac ggcgcgcagg acttggtctt 360 

cgftCraagbac ggtccaaggt ggaagaccet aagaaaaiitg agcaacctcc acatgctagg 420 

cgggaaggcg atggaogatt gggctcaegt gagggcrtaac gagcta^gcc acatgcttaa 480 

cgccatgtgc gaggcgagcQ ggtgeggaga gcccgfcggtg ctggccgaga -tgatcacgiia 540 

cgccauggcc aacatgato^ gtcsaagtgat actg^gtcgg cgcgtgttcg tcaccaaagg 600 

gacagagtcQ aacgagttca aagatatggt ggtcgagttg atgacttccg cggggtattt 660 

caaeattggi: gacfcteatac qgtcgattgc ttggatggat ttgcaaggga tcgagisgagg 720 

gatgaagaaa ttgcacaega aattegatgt tttgttgacg aagatgatga aggagcacag 780 

agcgacgagt catgagcgeg aagggaaatc ggatttcciia' gacgtcctct tggaagaatg 840 

ogagaataca aatiggcgaga agcttaatgt taicgaaxagtc aaagctfgtco tct;t;gaactl: 900 

artcacggog ggnacggaqa catottcaag cataatcgaa tgggcgttaa ccgaaatgar 960 

ga^^aatecg acgatcttaa aaaagaccca agaagaga^g gatcgagtca tcggtcgcga 1020 

tesggagattg cbcga^ktccg acsgtttcgaa actcccgtat ttacaagcc^ia tagcgaaaga 1080 

aaca-tatcgt aaaLoaocqat ogaoaaotct aaacctgccg aggattgcga tccaagcatg 1140 

rgaagttgat ggistacta^a totijocaaaga cacgaggctt agcgtcaaca -tttgggcgat 1200 

cggtcgggac ccaagtgttt gggagaatce atcggagtto tcgcutgaaa gattcttgtc 1260 

tgaggagaat gggasigatca gtccaggcgg gaatgatttt gagc:tgattc cgtttggagc 1320 

agggaggaga atttgtgctg ggacaaggat gggaatggtc cttgtaagtt atattttggg 1380 



091 OST ' 

»W «I« «SV tisi t^ajij fffn i^tS Tixa «SV HIV Bjcv T»A «TH ^xv 

^ ^ OfrT ff£T oex 

iifirv PB\f T\«i wtV ff^^n AtD jCts nao: STH ^©1 usv J^^S sAi 6xtf 

SSI OST STT 

n©«i 3Li\x sA«l diL ca,a ^i?*! ^TV aq^ t«A tt»n <3aV «TO «W 

Ott SOI OOT 

Xto jAi neo; ^TH ^Ha ^IV ^T9 i»TV oJd fiav ^J^V J»S oua 

Se 06 58 

ue«tf tiaij ds^ ti^i iya: nerr eqa lexv Bav «tv ms dar'a: ox^ jn^^ jc^s 

«IV T®A I«A P^&W <isv aqj, 5^*1 ©TX oxa ^TO 

09 * ' OS . 

■i^Ji fiAi bAi lettf t\ai us\£ WTV neil ^ui T^A bj-r oaa ^aw »TV Tf\»l 

SI' . Ofr ' 

tiai OX^ HOT »XY -^10 X^A tiqi o^g dii Axs 3og Kxz> o^d o^d w«i 

oe SZ 02 

oaa i^TS am bAi eAi stia wi jc©g fix^ t'A t^^i fi^ ^qj.. ®tx 

ST * 01 S T 

Ml TIS«1 drx eTO T^A etV -nai <3feV T^A »IX WIV 

01 <00l^> 
. SOS ,<IIZ> 

OT <atz:> 

0391^ e::^:».55:^Tff!t!i!; «45:^.:^:^:i-EB:^. J5o^q.fiBBiaq,e t^fi^6:^^6B6 
095 1 :v:?.e:^.i5»oBMo ocfi-aB'q.soBS fiq-^kMft^i&J&U a6efiq,B4^:j.q. Bn^'^Bo&o&is 
009t 5IBo«q.:>fi5o:^ 1^:^.1? :^.q?>j6^^J5o Dfifi«CH«o5q. :^al&:^7oJ5j&jS i3.:iu:i&isJ5eJo^ 

<3VfrT BBHfi:^6«oq5 6©J&"4ee«ope ;^:;«EBfifi:t:i^ e^.:^:i^OMeo D:»fiB:iq.^oM 
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cys Gill Ala 3ar Ar^ Cys Gly Glu Pro Val Val i«eu AXa <^la Ket: i.ftu 
165 170 175 



Thr Tyr Aid Met Ala Asn Met Xl« Gly Gin Val ZlQ L^u Ser Arg Ar<r 
180 185 1»0 

Val Phe Val Thr l.ys <31y Thr <^lu 5ar Asn 61u Phs Lys Asp Met: VaJL 
ld5 200 205 



val 61a Itstt Met Tine 8er Ala Gly Tyr Phe Aan ZXa GXy Asp Pha Xla 
210 215 . 220 

Pro Gaif Il« Ala Tvp Me^ Asp I»eu Gin Gly lie Gli» Aarg Gly lOet Lya 
225 > 230 23S 240 

Lya lieu His Thr x^ye Phe AapL val Leu Lau xhr Lya Mat Hbst Xiys Glu 
245 2&0 255 

His Arg Ala Thr 9ar Hla Glu Axg Gla Gly i.ya Sar Asp Phe lieu Aap 
2e0 265 270 

Val Lau iisu Glu Glu Cy» Glu Asn ^ehc Aqi> Gly Olu liya Lau Adn Val 
. 275 260 285 



Thr Asn vai Lya Ala Val Leu Lau ivan Lau Pha Thr Ala Gly Thr Asp 
290 29$ 300 

Thr Sar &er ,Sar Xla lie GXu Txp Ala. Lau Thr Glu Mat Met l»ya Asn 
305 3X0 * 315 320 

Pro Thr Zla Lau Lya Lys Thr Glzt Gla Glu Met Aap Axg Val I la Gly 
325 330 335 

Arg Asp Artf Arg Leu Leu Glu Sar Aap Val Sar Lya l.au Pro Tyr i^u 
340 349 350 

Glh Ala Xla Ala I-ys Glu Thr Tyv Ar^ Lys Hia Pro Ser Thr Pro Lau 
355 360 365 

Aan Lau pro Arg lie Ala Zle Gin AXa Cya Glu vai Aap Gly Tyr Tyr 
370 375 380 



QZ^ fi&«)o£q.«Dq 99^PO««fiv 6^^BigQ^sB ^^!ioi95ttttfi5 -aSfiBfidd:»fi6 oe^6eeadfia 

OdC fi69oJSd^5& S9:^ofi«:tao '^09^9o6oS Motovsooo Tsoo^a^vm 

OOC dt(o:t:}oceD4 Odel^^:(ofiatt eeeo;;oo:^:^a a6-efio:^&&£d qfi^ooos>£>« aQ:^i$90o:^6fi 

Q^Z !^fi:).nv69fi !^vD£Ma9 TOm^wTOfi :^«s466ooqJ& 5:).'«:|j^ei9j&i»ta ^•stGo:\xy^viBO 

081 o0e:^iaDfia:^ J&Dea^oo&:v« oo£ofifiH7M»0 •qAnaoo:(9bo .6o£Bfi:i£^;i;i oo:)&fi^.:;££Q 

O^t a9^ad:x£fi&9 oood£i4o£oo 95s>adTOsa9 ««6«€D4::t^% 0!(i3t^!:^s:^:t6 B^^ori-ilfifits:). 

09 aeo49B^:t=^^ ^:iq.««4e:t£>5 to^p^fi^t^a c^^o^fiaom^, £^«a«;tt»5q 

TT <00» 

<QZZ> 

wa <ZXZ> 
ZBLX <ZXZ> 

ti <:OTS> 



$09 00$ 
»TI T«A JCKX «TU 3®S ^TV ^^oi 



06 1' 98 

TO» T^A -SfUX o-re ^©S Ml T^A »TV tit© »*re -^TS 

OeXr . S/LI' Ot» ^Bf 

dsv .^eW W»V oil ^tO «S t*A ^TS> ti»i bAi ^sqt ^tev 



ddfr S^E" OS^ 

JC^s< STH TBA ^^qa. ^I© T^ei StI a:as T^A T«A ^®W* ^T9 

Sf^ OJ'P SO 

4«H -^T9 «TY SA;> »tr S^V e-pf ^ata ^XI ™1 

' O^f SZI- 0^^ 

nxa ti^v X3t»« ^TO ^TD ojfl -^93 ^TI S^l ^TS ""TO ^TQ ^ceg narc 

SIT' Olf SO^ 

ai^^ Bofif UT*> CM Jcag «rq<r nxo JCM oza nT9 <J3ti T«A Mfi dsv 

00 ^ S6£ 06€ sec 

ftjfV ^tS ^Tl ^TV <2JfiD e»TI ^Sfl? T^a i&Xtf :tm. dfiV a^i ojca ©TI 
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Gaaoaaacrcar 


^tggatgat.t: gggcaaatigt 




gagdiaggoo acat:goi:'taa 


480 


s.acca'kcrtcrc 

"•'^^ "^^^^ 


craoaccfaccc ocrlia'ooaccTa 


gcCrCgtgg^g 


cbcrcfGctiraaa licrctcacft'ttd.' 




cfif ccat iTdca 

%i^VM« w If wsf 


aaoabaa'bcci ^'tcaaa^aa't 


a G^&d A cctia 


CCTGOtcftt etr ticraGcaaaciA 


• goo 


■f ""IB* W g *• *■ 


aacaa.crt1:cB aacraca'hdo't 




fi.fecTaccrtcaa GeflfcrCrfc.aet't 










^""t fYf»a^r*irtfYJ» ^ r*.^^Jl#Yr*rtal^rt• 








y &lravi«^gAcg 


a»gci^ygut4'& a^gogcauag 


/ DIJP 






aij a u V U V w 




ail n 


aetsi ft -K a <*•-* 


aataCTCT^aBfa aai%f-1*B.crt.a.t: 




«itf^*jw*<fc| *i»ww WL ivi^^aivl^w^ 




att ca ciaaacy 




wa fcs»'^t»^*j^<P 




OKA 




ac^a1:ct:i:aa Aaaaggcgca 


acra a<7d.cr a tier 








crtcciaatsc<!rcr acaliaticMatir 










aaacacccsg^ ogacgcctcti 


oa a est ticTcccf 






trgaagttgal: 


ggc^actaca "bccenaagga 


ViAf >»«f 9^ ^ *^ 








ccgaatg^'t'b*' gggagaalicc 


■I^^TBW^TP ^**w 










daattTa'h'ti'kl: 

■ ' ■ M W M M H 






cgggaggaga 


at:bt:gtgogg ggacaaggat 


gggaatggtc 


ct-b^taagtt atattttggg 


1380 


cacttitggtic: 


cat-bet ttt:g attggaaatt 


accaaaliggt 


gtcgctgagc ttaatatgga 


I44b 


tgaaagufbt 


gggcttgeat: tgcaaaa^o 


cgtgcegctc 


tcg^ccttgg tcagcccacg 


1500 


gttggcetca 


aacccgbaeg caacchgagc 


taatgggxitg 


ggcctagttt tgtgggccct 


1560 


aat±tagAgA 


ctib-hhgtgtt ttaaggtg^g 


taeaitttatta 


attgggtgct: taaatgtgtig 


1620 


ttttaatttg 


tal^-ttatggl; taat^tal;g<Lc 


-tittatt;gt;at& 


aattattfcat ttttcccttc 


1680 


tgggtaiittili 


atccacrtaa -tttttottca 


gaattatigat 


catagttatc agaataaaat 


1740 


tgaaaataat 


gaatcggaaa aaaaaaaaaa 


aaaaaaaaaa 


aa 


. 1782 



caxo>- 12 

<2ll> 50 S 

<212> PRT 

<3fel3> viola 

<400> 12 



Met Ala rie Lau Val Shr Asp Phe Val Val Ala Ala lie JIb ]?he Lou 



OfZ S£Z Q£Z SZZ 

^10 fi*tf ^TO «tl -^TO UTS* MIX t|.BH djj^ ^xw ^Tl ^K^S -0^4 



QZZ ^XZ QXZ 

on OMd Al9 »tI V9V dtia a^^iL ^^19 ^TC a»B JCIH tiaTl UT9 T^A 



003 S6T 
I»A s^l tiXD aav ^TO -^TO *^T[ ^t^i T^A »Vd T^SA 

061 S8T oei 

tov fiw a:»s Ml »ti tT>A «rs) ftTi ^^VL «bv »rtf :^«»TC Ei\r xAj, am 

Si^T OLt 59T 

ue<x lion ntd ^xv n9«i t«a t^a osa n-re a-^s 5^ 239 «tv ^xs ^^o 

09T Sfil OSI fiVt 

^aw «TV tt^l ttda :taw «7H -^TO t'^^I ftTS ^^MA T«A T«A «W »Ttf dicai 

OM SCI OCT 

dsFtf tis% yx^ s^T ^TS ^TO tia^ ffTH .^I us'tf 9as eAi £aw 



fiST 051 SIX 

n9«I atq£ s^l d:r£ fiOV OSS, Ax9 ^Aj^ ^^B. t^A na«i d8V UX£> ^Ttf 

OTT SOX OCX 

Xta TeiV sra ^afi e-pf ^TQ ^Ttt w«V Oad ass 



56 06 ?8 

u&Y nea d5\f Ti^i 3tix ^Ai tid<i eqd exv ^tv ^^S ^TQ o:ca 

08 Si ' S9 

X^A X«A :^aW ^SV 9^0 AtS tt^M Ti©l ©TH =toM ©Il'OJCa -«T£> 

09 «g OS 

JC^J5 «A-I «X\f tl8«t »TC «tV TTSA e"PH «TV ^13 ^1 



oi' se 

ttort oaa exv ^T£) t«A ojd atq no«i om ats oxa t^a^r 

oe S3 0? 

O^a BJfV ^HJi sAi eAi a<^4 ti©i aag T^A nai 8i(a fi^v »XI 
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hys Lea Bis Thr Lys ^he Asp val Leu Lm Thr Lys Met vai Lys Glu 
245 i50 255 

Bis Arg- Ala Thr Ser Bis Glu Arg Lys Gly Lys Ala Asp Leu Asp 

260 265 270 

Val li&ix Lou GXu Glu Cys Asp Asn Thr Asa* 61y <3Xu Lys Leu Ser rla 
275 2dO 285 

Thr Asn He Lya Ala v«l Leu Leu Ato Leu Pbe Thr Ala Gly Thr Asp 
MO * 195 300 

Thr ^er 6«r ser Ue Xle GJ.u Tr^i Ala Lau Thr GXu Het: Xla Ly«i Asn 

310. 315 320 

Fro Thr rie Lev Lya Lya Ala Qln Glu Glu Met Asp Axg V*l lie Gly 
325 330 335 

Arg Asp Arg Arg Leu Leu Glu Ser Aisp He Ser Ser Leu Pro Tyr L«u 
340 34& 350 

Gin Ala tie Al» Lys Glu Thr Tyr Arg Lye His Pro Ser Thr Pro Leu 
355 360 365 

A6A Leu Pro Arg lie Alft He Gia Ala Cys Glu Val Asp Gly Tvr Tyr ' 
370 375 380 

He Pro Lya Aap Ala Arg Leu Ser VaX Asa He Trp Ala He Gly Arg 
385 MO 395 400 

Asp Pro Asn Val Trp Glu Aan Pro Leu Qlu Phe Leu Pro Glu Arg Phe 
405 , 410 415 

IiBu 3er Glu Glu Aen Gly Lys He Asn Pro Gly Sly Asn Aap ?he Lys 
420 425 430 

Leu Ila Pro Phe Gly Ala Gly Arg Arg rl© cys Ala <51y Thr Arg Met 
435 440 445 

GXy Met Val Leu Val Ser Tyr He Lev Gly Thr Leu val Hi« Ser Phe 
450 455 460 





















0201 


^ijk:kp&i«iL>C^u £p6i»tf«^i)ti<f)s^ C»480Meu^4 «Crj,>tf^4)^,wj6:» Jfji^q.^ 




096 


r^m^vsteto ^£o^9aTOi9fi te«066mJ54 «6:|oie^:(:v^^ 


pp£BBe4i^B:> 


006' 


«ttoo9909P9 »q:9JS>9«o6^ a^^^Bfi^tefiq. c59vfiBee:|5 96BJ5qi«fi:(Rfi 


:iBOq.BBesfiB 


0^8 


• 

fiq.:^9;v:io:(eJ& eoa^CToefid -B-BQ^om^^iB 


fi:^t^BBD4ea:( 




9Aa:^fiT(v&9 9:^fi3:).l»eq,4 o&ao^f9t^ «s&v«j>eofi^ a«eeOBeA:^« 


Bfi£?Bv6BB^ 


OZ^ 


• wfiOBJ&HaB:; :i:;iB&B:^«fij&q. ;»oJB*^-ifi>6B4W 6t|SBw«o?^ 




099 


odvs-QnOTB:^ iz3q.a5vl&B:^ B:^^;»bb«J56 Bva:iaB«J&4« Bl^t^^BteaBeH 


B£0BBBBpe5 


009 


4fi9rt:^:).:tAi9fi «6fi»eBB:^qt e:^e^qfi5TO& 6fio:iBJ6^B2>B «£9|»5ciis5q6 


a'eq£:^BB':^>B 




^ifrBefiBmO:^ )6B56:i$9q5 Be5a56Buoo fitefiBQDBfits fi:!)ttD6^B5o6 


BaBfi^Bt^vo 


08^ 


BD0fiB&:(M9 fi6D:|:39B0te o:^ob5:(96& J5^«fitefiJ&;^ paafiBBB^aB 


BB£B^£:^BO 


07 & 


Bao:^^£ca5 bBs^bbBS^i &^o&^i^veBvG^ $^BBmooo3 tet9^&ai>9»£ 


^4^:k&£^tto 


09€ 


BB6BOOO&:).t» «oe:).«DJ&A:^0 3!).?QQ99Pfi4 fifitfisBoBi^oa BBosBfiaoBB 


6o-4d4«BB:v 


DOS 


t>£DeBfi>«Dap BetirBBi^op;^:^ BoBBfiafiaJ&d oto«£ttQofio BQaofi^a^^ 


a:^£aBp££o 


0^7 


q.&i9a»i&fifi£t|.' BBi»i9£!;^!).o»:^ £;vBo:(«£pd9 ££^B^t%9Btt« Ba^M^mBB 


«£b::^qp9£9 


081 


q£^eOBdO&) BOBtoftM^d fi^:|Dao:vt(99 s:ia£££4.fifi^ BBl^O^^^afiB 


BaBfiooBBBB 


OZX 


opdd£>£3s^a aoeop£fio£»B 09Bd£»£:^:^v bbbo^^«4^ 4£q.B;i£oD:^B 


Bq.q,:^^vd«:\9 


09 


:iQB:|.qXk9:^BO £B':ifii.t^£^:^ BoBBfivT^afi^ 9B&^^4q.B:^ c^bbbbBbbc 


soBeeBB^VBO 
CT <O0P> 



B7AI»fi <CT5>. 

6S9T <XI2> 
€T <OXZ> 

eoe 00$ 

i^TV usv <xd$ bjv Bav oaa 

S6» 061' Sd^ 

T^A i?xv ^©fir o-^a T»A «TV b^I "TO «Ttf ifis«r AtS> 

OSfr SSL^ OZ.]^ 

MS i^TO <59V «BV nBI t\ta OTV TBA Aio V«V <3tix 
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cgagctcdtt: 

ctcagcggag 
tgctgctagg 



gacaggttta 
ccctttgggg 
tatttgctgg 
atggaca'&o^ 
ctcactcct?^ 
catatgtjtgt 
9Catgaaat:1: 



ccataggccg 
tgtcagggtt 

cggggcgcag 
cgdcactcgt 
aggaggtgtt 
ggttgccjttc 
glitaoattga 
gaaaaaaaaa 



agatcccgac 
gcagg^gatt 
gatctgcgcc 
^cactctttc 
cgggctggcc 
acattgctat 
gottttgca-t 
a&aaaaaaa 



gtttgggaga 
gagcqcggag 
ggcagcag«^ 
gaatgggatt 
ttgc^gaaag 
<3Cacctcctt 
atgtt^-tatc 



atcccottga 
ggaatcactt 
tggggattgt 

tgccggccgg 
CtgtaccJiCt 
ctatttaatt 
caaootate^ 



1260 
1320 
1380 
1440 
1500 
1560 
lti20 
1659 



<210> 14 

<211> 520 

<Sl2> PRT 

<213> salvia 

<400> 14 

QXy Thx Bgx: Met Glu Ala Gin 6Xu Aszt £2ei: L^U Leu lie Aid Arg Ala 
1 5 10 15 . 

Leu Val val Ala Sfer Lw I»eu Xyr lie Leu lie Ajrg Met Mie rie Ser 
20 25 30 

Ly« heu Thr Thr Gly Hia .Pro L6u Pro Pro Gly Pro Arg <51y Pho 

35 40 45 

Leu Val Vai Gly fler Leu Pro L^u L»u Gly A*p Met Pro Hi© Val Ala 
SO 55 60 

Leu Ala Lys Mot Ala Lys Thi: Tyr Gly Pro^ll^i Mat Tyr Leu Lys M©t 
6S 70 75 BO 

Gly Thr Val Gly Mot Val Val Ala Bar Jhr Pro A»p Ala Ala Arg Ala 
OS 90 95 

Ph^ LOU Lys Thr His Asp Ala Asn.^t? 3er Asn Arg Pro Val Asn Ala 
100 105 110 



Gly Ala Tlir Ilo Lan Ala Tyr Asn Ala Gin A6p Hat Val Phc Ala Pro 
115 120 125 



TIWT' 



OSC SK OVC 

63C^ 11X9 BiCV ^If> »TX I'A ^OW AT9 ^19 ^TH «TV ^TO ©-^"X xixo 

see 0€E sse 

»TI »s oAa u«v sA<i ati RTSS WTV Ti©«i ettf nis eji an ^©s 

O^e ST£ 90€ 

aos =ac oxii <2to^ Xts «tv jqji oud V9V n«i «tv a^i 

OOC OSZ 
aXI «SV ^*HpL Jqi JtlJt tio«i sAi ffAo nt£> ds¥ sAl «S ^xa 

.08Z s/.e 

tfev d»V STH u^-WTtf Ml dsv WI ff^^I ote^ ttsw 

OLZ 09Z 
B^»i jcAx :t^S s^l fi^Tf d«V -i^ew ^TS *TI 

SSZ 052 fi« 

6to dJi cAl 8At: bjH ffAi tf^l :;ew ^19 fi-xv nts exi «TO 

01^2 see OK ^zz 

ti©^ dcv WPJ dJi -BTtf ^^TC d^x ©xi ®tt4 dsv axs »TI w»V »qa 

OZe 0X2 
AtcE) ^Vi ^1 ^Tf> X«A I«A 'I^OW <IT£> B^l I^TD 

nx£) s/^T: -^TS am X^A T*A 5jcv a©Gf «*"! «TI T^A «T0 AXO 

06T sat o$x 

«X3C «SV ^TV Jcqj, lew T«A m«I tttS> oa^a nai: Xxo X«A «tV 

StT 0^.t S0T 

«T9 ^tO Ml 6ot j^s bTV tlx© :iaM tbW »TV "O"! :^aw «7H J^T© T«A 

09T sex o« ^ ■ s« 

xiTO MS aiu TBA dfiv bx« dxL nX9 XIT© nsi WT« cat: j©s AXO ne»I 

s^H »^©1.«S xioi BiCl 6^ ClOTE «4 9A«I oaa AXS> OAX 
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Arg Z>GU Itw Glu Ser Asp XIq Fro Asn Ldu Pro Tyr Leu Lys Ala Xle 
355 360. 365 



Cys Lys Glu Ala Zyr At? Lya His Pro $ar Thr Fro L^u^Aan Leu Fro 
370 373 380 



Arg He Sar Thx Asp Ala Cys VaX Val As|» iSly Tyr 81b Ild Pro Lya 
3B5 390 395 400 

ASR Thr Arg tea Sex VaX Asn He Trp rIa He GXy Ar$ Asp Fro Asp 
405 4X0 415 

Val Trp Glu Asn Fro Lau Asp Phe JKan Fro A$p Ara Pha Ser Gly 

420 425 430 

L«u Gin Gly Xle Glvi ?ro Gly Gly A^n Bi* P2ie Glu Leu lie Pro Pha 
435 440 445 

Gly Ala Gly Arg Arg Ha Cyd Ala Giy 6ar Axg Mat Gly tie VaX Ila 
450 455 460 

val Gill Tyr liau Lau Ala Thr I>qu Val . His S«r Phe Glu Txp Asp Xieu 
4^5 470 475 4d0 



Pro Ala Gly Ser Ala Glu. Mat Aap Mat Glu GluC Val Pho Gly Leu Ala 
485 490 495 

Leu Gin Lys Ala Val Pro Lau Ala Ala Arg L^u Thr Pro Arg Lau Pro 
500 505 510 

Ser Hi a Cys Tyr Ala J&ro Pro Ser 

515 520 ' 



<aio> 15 

<211> 1617 
<212> D»A 
<213> salvia 

<400> IS . 

agatagtaa^F eatggaagoc ca&gaaaata tgttgttgat tgcta^ggoa cttgttgtag 60 

catcettaet otacsafctttg atcegtatgt ttatoteaaa attgagcaoa acqggceaoc 120 

ctct^cccc g^goccgagg ggctttcoag t^gtgggofc© cottccpttg ctgggcgaca 180 

tgccaoatgi: tgccotagoa aaaat^gcca aaacttatgg cccsgatcatg tiaottgaaaa 240 



T^A T^A nai -^x^t 6^ »"nf *XX W'WE n©a TISV RTQ «I9 BTV UTS 4B« 

XAA <ZIZ> 

ers <TT?> 
91 <(yiz> 

LiBX oTOTCifttt BFeCTTOCTSH e5;^^voet|.:^ :0:i:ifi:i*:^w:j ^q.q.^ieq.eDfi:i a:t9t9wnB^3 

09ST :^:lODq^a"^aO ;^e:^D£:}:^TO9 0^^»d6:v:^M *:^3:iotow fi&H^ofl^ofiq. aavoov^tiD 
006 T ooB6q.a5fi£o {^^45Sefi£i(k fi6^^£>«&&:(Tp 5^669690:10 BBssSwpftp^ 

OI-^I q.:^i3fiftB:^««6 9:(:|:(0!»M9E i^Bo^jMoBfio 56t>&6:^:i:^s!> BeBfiq.6B:»Bi? ^&t^:^iaJBfi66:> 

08€T eefim6Bo5B 00696:10^.66 B-esBoBBfiBd 6BM^:(:^oo3 ^qiTODoBcBs q.;i3Ba^i2sfi5 

0?€T 6iafi6p9ol^96 :^:i-B6666TOfi ^:;fii&6e9qJ&q. v^:^:v^6ei>ifr6 :)oaaBBDq.:(0 c6^»!&oo:).e 

D9?X e&ie666:^4UiS 0«6oD9:iB6e 60066b»00 66&i:)d:|TOe« t>!i6o6?6:}96 &«6ovon69 . 

0021 eaaoo^coeo oe:^aBfi4tt5o ^69:^606^^63 6^^66o»Oa^ o^e66o::^oo6 qopvee^oeo 

O^TT o6oTODat|00 on«vn6oo v^vo66B6Btt tio6:|.9aiTO06 d06^s:^iimo 

080T OOt^«Du6oo:( ««6o:^£:|q.4 6o66ofi«5i36 «6J&6o:(ea:^6 «Bt90«66;^tt6 tr5l»eoDeo:^ 

020T 66BeB»«aM o^toBmoo^ B96i»)9o:^«6q. efl^tBoBe^o «ar566:^i»iBB« :^ee:^esQ«69 

096 q.6oq.«avoi»6 «o'B£66TO6t^ oe:^:^:^^:^:^:^^ «6!|ae:»;^';)ao oo6«iS!«q.:ie:i. «90oeoo«oo 

006 »^o6eso6:). :^c66«fi:i.ie6:( «6!^'«6&«tt:(6 «BMq.e6r|.H6 :^TOq.eei»fifi :i:^9:^oao:^%e 

0^8 6^^^^Dqiv6 B096«cDe6o moBovmav ^^oowo^vm E:^:^«6p!^96:v e56q|.ofi7)«6B 

08£. s:UiAoq.e6^^ o6oo«56e:v6 i9«fieeoco6;^ oM«6m6^E 666196 1^6 e6;|. ^e6666iaQ6:^ 

QZL 9^^66^66:1. t;p64^066:|.a a9q.q.«o:|.^4« 6^66^:^90V« o^44«^:)oA6^ 0619a «oai»6:|. 

099 iifo:|i06«66:U& 64BB:^pbb66 i?eo4t(6^:(c «6uv6«66«« 6669Vty6o«6 t^6a:(^^^6i26 

009 066o36?6:iq. t9:(t96^6n6 66o:;t86^«-e «6o669«6o6 o«^:^6q.o6 q.96e66oo6q. 

Ol^g :^&66^ao6 6«6i01966^oo £oo6voo56e 6opo6:|v6o6 6o66q.o6t^v9 vo6666:^66l» 

08^ 669:1009660 o:^9B6ooto '6^t966«6£4 ooo609Bo6e bfi66:(o6:).TO too:^o^«o6 

QZV e6^o6cB669 6:^o6:^q.«fii96 6:^^¥OOap6 6o«:^poo6 :^a96:(6£4«o -e66eoa96q9 

09£ TO«:).«o6fi:io o;(€9oea96q. 56£o6db€o:( fi6oo6699e? :|oio:).:).:^Bi9:^ o6oi}66«999 

OOC H'QTOEi^oa^ 6066606066 o6o«6ieoo6D voa:^o66:^6 O^66:(eo66o :^boto666^ 
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Ala S«r Ijeu t.eu Tyr lie L«9u XI9 Arg tflet Phe XXe Ser liys Ser 
20 25 30 



Thr Pro Gly Hiar Pro Leu Pro Pro Gly Pro Arg Gly Phe Pro Val Val 
35 40 45 



Gly S«r Leu Pro L«u Leu Gly Asp M9t Pro Kls Val Ala Leu Ala Lys 
50 55 60 



Met Ala Lys TAr Tyx Gly Pro Ilo Met Tyr Lett Lys Met: Gly Vxe Val- 
€5 70 75 $0^ 

Gly M«t val Val Ala Ser rfhr Pro Asp Ala Al» Arg Ala Ph<».L©ti Ly« 
S5 * 90 95 

7hr Sin Asp Aan Phe Ser A^n Arg ero Val Asn Ala Gly Ala Thr 
100 * 105 110 

lie L&u Ala Tyr Asn Ala Gin A9p Met Vol Pbe Ala Pro Tyr Gly Pro 
115 120 125 

Lys Trp Arg Leu Li^xii Ar^ Lya X^eu S^r Sisx Ld\i His Met Leu Oly Ser 
130 135 140 ' 

Lys Ala Leu Glu (Slu ^Crp Ala Aap Val Arg Thr Sor Glu Val Gly Hia 
143 ISO. 155 160 

Mftt Leu Ala Ala Met Hia Slu Ala Ser Arg Leu Asp Glu Ala VaX Gly 
165 170 175 

Leu Pro Glu Met Leu Val Tyr Ala Thr Ala Asn Met lie Gly Lys Val 
180 185 190 

. lie Leu ser Arg Arg Val Phe Val Thr Lys Gly Lye Glu Met Asti Glu 
- 195 200 205 

Phe Lye 'Glu Mat Val Val Glu Leu Met Thr Thr Ala Gly Tyr Phe Asn 
. 210 2X5 Z20 

lie Gly ABp Phe lie Pro Trp Lou Ala trp Met Asp Leu Gin Gly lie 
2^5 230 235 240 



Odr OSV 
xSi atS TISA *TI T«A bti Tlts i^w ^ MS -^TO «W aTI toV J&av 



QfV SClr 
i^Xa "BW ^TO «>*«J ©Tl T\X5 «qd «TH WfiV -^Ta oaa a-TO «tl 

Axa UX9 ns^x ^Td ^^S OX^ usv ^HS ds^f Yl^l 



STt OTfr SOfr 

Tixs tox T«A cteV fijTv "^T9 «*T1 cb:i ©XE T«A ^9*1 

00? - €6£ Ose S8C 

^JCW Jt^i wre Wl o*d •Tl «Ta ^19 <I*5?V T»A T^A »TV dteV ««JG 

ose SiLe Oi.e 

SBS 8X1 £^ osd nei tidv ti«ki oj:j xxtx aes cuca: sth fi^^t fia-v ^Ax ^TV 
S9C Ode 

nXS fi^O «T1 «XV ^-^X iio^ vicv ^tl JCBff nT9 

«P£ 0»£ 
nO^ no«l fiav nx9 ©3« Atd »XI T«A &ilV «I9 ^TO «7H '^TC 

see 0^£ S2£ 

Ba^ s^rt Tito' STI J©B <«W .s/i»J »TI ^sw «T9 «TV ^TC ©TO <JtJ:j: nxD 



*Ti: «T1- »S MS ^S'W aqx AX9 i&Tv ami ««v '"©I 

00€ wz 
TOT'«x\r »Ti JCMx jKtL anix eArf R/Co <!tev mo ^fiv <J«v 

gas « 08;s^ siz 

sAri nxo asf\i STH «Ttf «^ Ml J»S dsv noTE na»i <Jsv o^a 

OLz we o« 

sAi dartf * TiBv si^i Ji^i am aiSi fi3\f :»ow s^i 

SSC ^ 
-^XQ aXI <ateY *Al sAi ^ ti« 5A«I AXD ^TO T>X9 
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Lou I^u Ala Thr Xieu Val Hid Ser She 6lu* Trp JL9p Ii«u Ala Gly 

4 65 . 470 475 480 

Ser Ala Glu Met Asp Met Glu Glu vaX fliQ Gly Leu Ala Leu Gin Xiys 
485 ' 490 4.95 

A1& Val I>eii Ala Ala. Avg Leu Thr Pr^ Asg Leu Pro Ser Hi a Cyd 

5Q0 505 510 

Tyr Ala Pro .^ro' Sar He 

515 . 

<2X0> 17 

<211> 1730 

<212> £»IA 

<213> sollya 

<220> 

<22L> lalac feature 

<22t^ (la??) . , (1372) 

<22Z> n » any nuclaol:ida 

<400> 17 

gatiggcluaiCt accttagaat -beattctab^ cttcaccatt actgeactmc cttrtctatra 60 

ttrgaatactt aacatgcgca tccUcttaa ccgtcac(!:<2g aggtcactec caccaggtcc 120 

^ag»ccatgg cctai:-fcgtag gaaaccbooo acacctstggc aoqa^gccae aocactccat IBO 

agctgccatg gctcggaa^t acgguccct: Qqtgcacctc cgcatgggca * ticgtgQacgt 24.0 

ggtggtLtgcc gcctctgctg atgtggcggc acagttcttg aagaatgatg ccaacttctc 300 

tagccggcaa ^cgaattctg gtgctaagc^ tatggcttat aactatoacg aca-bggtgtt 360 

tgoaccetae ggtccaaggt ggcgeat:gtt gaggaaaatt -tgbgceettQ atatatitcte 420 

egcsta^ggct ctcgatgatt ttcatcgogt gcgtgaggag gaggttgcca tactcgcgag 480 

gaccctiagca caagaaggao aaaagcoggt gaatttgggg cagttgttct: ctaogtgtaa 540 

tgcTtaatgeg ctateagtiga tgatgctagg cagg^ggt^g titGag^acag aagtugattc 600 

aaaagcatat gatttcaaao aaatggtggt ggagctgatg ac±ctagccg gtgagtttaa 660 

cgtoagtgab t-bcatocoao e^ctcgagtg getagactt.g caaggcgtgg cagogaaaai: 720' 

gaagaacgtg cacaatcgat tcgatgcgtt tctgaal:gta attttggagg agcsataagct: ' 780 

gaaacttaat; aatagtggac atggggaaca aaaacatatg gacttgttga g&acgttgat ^40 

tttgcttaag gatgatgctg atagtgaggg agg^aaaetc actgatactg aaatcaaagc 900 



Tiwr* 



OS £L Ot S9 

t«A «TH T»A OTI Xto ^sJH Bjcv ffTH nor O^a a« SiSi fiav 



09 SS OS 

p-re ^©M BTV BTV ®XX Jcee fiffH SfB o^a e^«i aqx ^tO «*1 ^TH O^d 'J^*! 

tiev AX9 TFA eil <Mts dax o« fi^v oj^[ At3 <>«a oa^a noT a»B 035a 

OC 0^ 
»T1I «JV tlftv ™i TO1 atl 6jc«r :iaM tie^r na^ exi »A6 -==^4 aqa oa:a 

SI OT ST 

n^«i le-re ©ti -am oqa s/^o *ti »Ma ^ts Jfiii jcqj; ^-nr 

8t <00l^> 

bAttos <£t^> 

Xttd <ZXZ> 
<IZZ> 



CtLX 










svB6^«o5oB 


0B9T 












0Z9I 










9!lBi9B90««« 


09SI 








eevaa^BtlDa aBmsaoq^o 




OOST 
























08£I 








:tveBiewfioBB fiBaSBBG^q.^ 




osei 








aa^e^i^M^B j&:^TSfiBa:|«« 












ec«a^.?fi:)J^ aaBBi?q.Q9t>B 


BBq.v:i«a9«q. 


OOZT 










wBaac^dBa 


om 








«aH^5Bat(^ :}aaetin»B«av 


9:i.fia:ienaBie 


O80t 








eBBoeei^:):; avfi«4n«99 


:;BI&^^&&:iBB 










;;V913Bb:)x>d:(» «a£atf^«4:(P 


B90;^a&9:)e^ 


096 








DBBBB:iaBq.a :(:(:^^B^':i:^eB 


Bq.:^q.:^aB:^oB' 
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VdX Val Ala Ala Aj.a hep V&l Ala Ala 61n eno X.eu Lyd Asp 
85 30 95 

.Ala Asti Phe 3er Ser Arg Fro Pro Aen Ser Gly Ala uy& His. (det: Ala. 
100 105 • 110 



Tyr' Asn His Aap Met: Val Fhe Ala Ero Tyr Gly Pro Arg Trp Axg^ 
115 120 125 

Mot Xpeu Arg Xxys lie Cys Ala Leu ai$ Xl« Phe sar Ala Lys Ala l*eti 
130 135 140 

Aep A&p Pbe His Arg Vbl Ar^ Glu (Slu Glu Val Ala Zle Leu Ala Arg 
145 150 155 160 



Thr X>9U Ala HIb Ala Gly Gin Lys Pro Val A^n X>ett Gly Gin Lgu Tide 

1«5 170 I'JS 

fi«r Thr Cy6 Aan Ala Aan Ala Leia Ser Val Leu Mat Leu Gly Arg Arg 

IBO IBS ' 190 



Leu Phd Ser Thr Glu Val Asp Ser lnya Ala ^?yr Asp Phe Lys Glzi Mat 
1»5 2Q0 205 



Val Val 61u Leu Mat Thr Lau Ala Gly Clu Fhe Asn Val Ser Asp 
210 ^ ' 215 220 

Ila Sro Pro Leu Clu 7rp L^u Aap Lau Gin Gly Val Ala Ala Lya Hat 
225 230 235 240 



Lys Asn V&l Uls A«n Axg Pha Asp Ala Phe Leu Aan Val lie Lay Olu 
245 250 255 

Glu His Lys Leu Lyft Lau Asn A«n Ser Gly His Gly Glu Gin Lya His 
260 .265 270 

Met Asp Lau Lau Ser Thr Leu lie Leu Lau Lys Asp Aap Ala Asp Sar 
275 280 28S 



Glu Gly Gly Lys Leu Thr Asp Thr Glu Zla Lys Ala Leu Leu Lau Asn 
. 290 295 300 



'imr 



V 



6T <OTZ> 



UBV x*A X^A ^TO ^TH ^^S ^tD aAx -f^A 

Olfi SOS DOS 

tiTO «TH naq ©aa s^l OJ^ sth x^a T^A TV©1 OM IBA ^^X 6iv 



£69 06» 
«TE> ™1 "^^S ^TI -^19 dft\f tiX5> ^T© "^SW «cv asv «iX9 

Qgf> OL^ Sdv 

nxo AX5> nxs oj:a ria^ nxg uav '^la ^tV ^TH »TI Jtm '«X\jr J^Hi 

0$^ SS> 0« 

X«A iwi wxs T«A n^T; AtO «TO ©TX 

gt^» oy> sc^ 

fiav ^Tt> «TV ATS ©TI "13 »Va «»>f ^TO ^1 T^A 

oefr oz^ 
T^A usv ojta TOg T\x9 Axs <Jbv ^^©s Ml fiw rt© o^a t^a 

CT^ 01? SO* . ^ 

nsi oaa iixo axv ct^j; ^=n^i «a <afiv -"^ts oti «tv fl^^x sti «5v 

X1BA nei ii9«r ^Ui ^Xa oaa ©tl aci^a J"fX& &TX ^tO 

08S 0L£ 
ic*s nxs J^X ^TO att B^rtf oaa ti^i jc«5 na^i oaa aqx «TC o^a »TH ^©1 

S9E 09e SSE 

6^ ©«a ^tlA «T9 B-^T Tsa »T1 ?XV tlt9 "ti^TC «T9 

ose SfrG OPC 

e«Y «©i T«A J&W >isv Oica ^TS T«A X^A tta^ ttT*) 

SE€ OEE sse 

6xtf WTO ^Vi ^TV ®XI sAt HBV Bto axi WI nxS BXV »T1 

ozrc fftt OTC sot 

T«A <3jCi HX3 ^TI -=^"2 -3«IX ^^TO -*T0 «Ttf ^^^S aqd n3«l 
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<211> 37 

<212> DMA 

<213> petunia 

<400> 19 





caatggtctt 


tttttctttg tctat^c 




37 


<210> 20 
<211> 1748 
<2%2> D&UV 
<213> clitoria 








<4 00> 20 
ggatocaaca 


atgtitcciito 


taagaoaaa-t -tggggta-taa 


attt^tgatct: t:catgatcac 


60 




atitiagtttag 


ttictgaaaga gaaMUcaa 


Cggaaacttc Cdceagggcc 


120 


aaaa^gttgg 


cc«attgt.g$ 


gi:gcactgcc tctaatggga 


agoatgocae atgtcacaot: 


180 




gcb&aaaaat, 


a^ggac&tgl; 'tatgliEca't'l: 


aaaatgggca csaaacaaoat ' 


240 






c&gcagotcg i:gca'bt;oct:c 


aaaaqcct.'bg acct^aac^t 


300 


ctc^caatqgQ 


OCOOCaaatg 


d^ggggcaac 'fccact'l;agcb 


tsa-tgatigccQ aggatta*kggt: 


360 


S^t: gal: 


tecggatctia 


ggtggaagtt- gottagaaaa 


ctaagcaadt nacaca^got: 




tggag^aaag 


gctctitgaag 


aacgg^caca agc&aga^ag 


at'tgagat:99 ggcacatgct 


400 


t^^tgoaa-bg 


tacgattgta 


gt:ggt.g9cgg tgacggcMC 


aacgacaatg atggcaac^a 


540 


ga«»aaggdt 


actcgtoatg 


agccta't'tg^ ggtggcrbgaa 


atgttaaca-t acgcgatggc 


€00 


caacat;gata 


9gi:cBagtga 


^Bccgagccg TaCgugtsaccc 


gagacaaagg g't'tcggaatc 


€60 


gaacgagttii 


aaggacHStiigg 




goi^gg9bac^ cuaaQaticgg 


720 


tgattttatt 


ccctttttgg 


ctcgcttcga ectcqaa^ffc 


at;cgagcgtg gcatgaaaae - 


780 


t:ttgc9taac&. 


aagtiteg^tg 


ttttgttgaa gacaatga1;t 


oabgagcatg tggctii:ct;gc 


640 


hoataaacga 


aagggtaaac 


ctgattttett ggatgttctc 


^tggctcatc: ataczoaacga 


^00 


gtctca^gaa 


ctgtogetca 


ooaaoatcaa agcactcctc 


t^aaatctat ttactgcagg 


960 


cacagetaca 


tcatcaagta 


tcatagagtg ggcsactagca 


gagatgttga taaacccaaa 


1020 


aatcaegaag 


aaagtgeatg 


aggaaatgga caaagti;(at:a 


ggcsaaggaca gaaggctaaa 


1080 


agaiktoegae 


ai:ag9aaai:o 


teccttactfe gcaggcaatt 


tigcaaagaga catatagaaa 


1140 


gcacGcatca 


a^pgccactoa 


actt:gccrbag aat^cateo 


caagcatgcG aagtgaatgg 


1200 


ctactaca-tc 


ccaaagaaca 


ctaggct:i:ag tgteaacatc 


^99Srcc!at:tg gaagagaccc 


1260 


taatgtgtgg 


gagaaecctt: 


t.ggagttcaa tccogagagg 


tttatgggtg ci?aataagac 


1320 



Tia'f ' ■ 



BZ1 OZT StT 

n^Tc Tfcon s^t: dspi 6atv *«s ^to sAx ^fiv •^la T«a uto eiv 



Olt SOT 001 

dBV vre ti©«i s-pH «Ttf ^TO 'TV o«a oaa &W «*V a:©g ^^<[ 

56 06 €8 

usv day aqa «i «ird ""TV ^^^i «TV «TV ^^S oJ^d iCqf »S 

Q8 SL OjL SS 

B-pf T«A ti«v Xxs> ^veH «Al noi T*"A O-^a ^19 

09 « OS . 

aiiCl sAn BTV tixo a©s Jt«Wi T^A 8Ttt <*^a ^ow «»s Ato 

Sfr 0* SC 

na«i oia ftoa exv XtO T^A oxs^ dxi AtS «a ATO OM oJ^a n»«x 

OE «E OS 

63V TITO HTO e^T tixo t*A ti©^ *T1 T«A ^TH ^^Jl 

SI OT • S T 

BTZ ©Tia »TI ^TI T^sfA J'^T^ »TI ^^^v noTL W*I Wa ^i-W 

<0OP> 

WTJoq.TT^* <€TZ> 

XZ <OTS> 

QPLX E4:i:i6^B^TO e&fiB:^O£>M0 Baoo«:^5q.^?:^ 

OepT «fe5asi&:^B:iB :iqJB43»:»3.:^ 'o:i6!UJe&9o;i t^OTfiMiitttifi' 5.^:4 :>^:^Cu^ :j&:^oe:i^^OT4 

OZ&T Bn^^^^zroB e:v^:0«:ifi fi^BrjoB:^*^:^ :>o!^»Swt:^*e ^ooi^q-TO^w :>a5ae»«aa 

OS ST oJ&ao«eoac«> ji6iti|6eow?> o:>©w«&^M oBw:i:vwiiO owwftwee* 56i>B:*4:i3fiq. 

OOSt ^on^^^^^:3^^zo ^ft^M6fi:tH oOTfitj^ipftO 4&^t^&aM:^B »MO^:^4fiB« A6:^w6:i:»TO 

O^PX q.»BOfiD&W :fBB^:iOq.0;v:i TB&BBB:V«Bfi« TO^BBfi^afi^ 

08€T Bi^i-^^BfiTCB- wBeflvJi^^^OB :^:^q.e»oa«0 :io6^6w:t:iB Br^eefi&B:^ iswattfiauvA 
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Arg liys Leu Ser Aan I^eu His Met Gly Gly i:iy3 iaa Leu QXu 6lu 
130 135 140 



Trp Sex ($ln V«lX Ar^ GlU Il€ Glu Met: GXy Hl^ M«t tou Axg ALa Met 
143 - 150, 155 160 



Tyr Asp Cys Ser Gly Gly Gly Aap Qly A^n Asn Asp Asn Ajsp Gly Asn 
165 170 175 



T*ye liys Ly& Gly Thx Axrg Hia $lu Pro Zla Val Val Ala Glu Net Lou 
180 lfl5 190 

Thz- Zyr AI9 M»t Ala AftA Met lie -Gly Pto Ser Asp Ziou Glu Ser 

19S 200 . 20s. 

Cye rie'Pxo Arg GXxx Arg Val Arg Aan Acg 7hr fiexr iieu Arg Thr Trp 
210 215 220 



Trp Phe Lyft lieu Met Thr VaI Ala. Gly Tyr Phe Aan lie Gly Asp Phe 
225 * 230 235 240 



Pbe Pro PKe Xieu Ale Ar^ Axg Arg Arg Gin Gly He Glu A^g Gly Met 
245 250 . 255 

Xiys Th± Leu Hid Adn Lya Lys Asp Aap Leu Leu thr Thz: Met lie Hts 
260 265 270 

Glu His Val Ale Ser Ale His Ly« Arg Lyei GlyLys Pjxi Pro Phe Leu 
275 2B0 299 



Asp vaJ. Leu »Eet Ala Els His tFhz Asn Glu Ser His g:lu Leu 8w Leu 
290 295 300 



Thr Asn lie Lys Ala Leu Leu Lou Aflix Leu Phe Thr Ala Gly Thr Asp 
305 310 . 315 320 



Thr 3er Ser fier XXe Xle Glu Trp Ala Leu Ala Glu Met lien zle Asn 
325 330 ' 335 



Pro Lys lie Met Lys Lys val Kls Glu Glu Het Asp Lye vel lie Gly 
, 340 345 350 
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00^ S€fi 06C S8G 
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^gtcggtag • ccatMccra gcaatagcgt cgacaccgga ogctgctaaa gQgttcctca 300 

aaacccticga tttMat^tc tcgaaccggc caccaaatiga cggagcfeacc catttiagcct. 360 

ataaogctca agatatggtii tittgcacatt atggtceiiaa atggaaattg ttaogtAaac 420 

-bcagtaactt; acacatgota ggtggcaaag ccttggaaaa ttMgctgat gttagaaaaa 4ao 

cagagcttgg ti:atat:ggtt aaagocatgi^ ttgaatcgag tQaaaacaat' gagccggtga 540 

tgatttcgga gatgctaacg tacgQoatgg cgaacatig^i: aagcoaagtc ai;act:t:agca 600 

gtcgcgnatit caataaaaaa ggcgcgaaai: caaacgagtc taaagat:at:g gtggtcgaar 660 

ta^tgacgag tgeegggtat -ttcaatatag ^itgaiitt'tat aooatcaa'Ct ggttggatgg 720 

atttgaaagg ga'ttgaaggt ggaa^gaaaa gattgeacaa aaogttcsgaa gtti:tgttga 780 

<5tcgat1:a-ht ggat$ai:eat aaaagaaoga gteaggagcg t:aaaaaaaag cccgai:t1:to 840 

ttgat:iii:tgt gatt^aaat ggcgatiaaiit ctgatggtga aag^ctcaac accgacaaea * dOO 

1:caaggc1:ct tccat^ligaac t^gtiiitactg ctggtacgga tacatcatca agcatoantg 960 

agtgggoact agcagaac-tg otaaagaatc ggaoactcct cacccgagcc caggacgaaa* X020 

tg^Biicgggt: »atogggcga gaccgoogl^c l:tcttgaato agafiatccoc aaot'tac^li 1080 

atcttioaagc aatotgoaaa gaaacattoo gtaaa^accc ttQaacacea ttaaaccttc 1140 

caaggaattg catoagaggc catigts^atg -baaatgggba ctacattceg aaagggaotc 1200 

ggctcaacgt caacataiigg gcgattggaa gagacccate gg^ti:ggggg gataacccga 1260 

acgag^ticga ccqggagagg ttlilitigtatg ggaggaatgc taagattgat ccacgaggaa 1320 

acoa-ttttga attgatccca ttl:ggfc^ct.g gacgaagaat ttgtgcagga a'caagaatgg 1380 

ggatattgct tgttgagtat attttgg^ga cattggtgea tagttttgat tggaaactgg 1440 

gatttticiiga ggatgagc3i:t aatal^ggatg agaoatt^t^gg gcttgatdrg cagaaagc^g 1500 

tgoctttage ggccatggtt attccacgcc tteetafctca tgtttatgct cct%aat:l:<7a 1560 

gaga^naat ttcatigditt gttttat:taa tcattttiotit: aatatgaatu gatggaggtl: 1620 

arctagtmat gaaaaataaii aatggaggat: tiigtttatca tca^gcaaa^ aaaaaaaaaa 1680 
aaaa .1684 

5:210> 23 
<211> 516 
<212> PKT 
<2l3> gantiana 
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Tyc* Blwa Aen XLe Gly Asp Pile lie Pro Ser Gly T»p M»t: Asp teu 

225 230 235 240 

Gift Gly lie Glu fily Gly Met hy9 Arg Leu Hxa I.ys I.y« Phe Asp Val 
245 250 255 

Leu Leu Thr Arg i«©u Leu Asp Asp His Lys Axg Thr Ser Gin Glu Arg 
2ti0 2€5 270 

liys 61n 3Uys Pro Aep Ph« Leu Aap Ph« Val He Ala Asu Gly Asp Asn 
27d 2d0 2BS 

.S^r Asp dly Glu Arg I^su Aen Thr Asp Asn lie I.y8 Ala I«eu Leu Lou 
290 295 300 

Asn l«eu Phe Thr Ala Sly THr Asp thr sor Ser Ser lie zl« Glu Trp 
305 310 31& 320 

Ala Zieu Alft Olu Z*«u L^u Lys Asn Arg Thv Leu Leu Thr Arg Ala Gin 
325 330 335 



A0P Glu Meb Aap Arg V«l lie Gly Asrg Asp Arg Axg Leu laeu Glu Ser 
340 345 350 



Asp He Pro A3n Xieu Pro Tyr lieu Gin- Ala Xle Cys Lys Glu Thr Phe 

360 3SB 

Avg Lys His Pzro Sexr Thr Fro zau Asn Z>eu Pro Arg Aen Cys lie Arg 
370 575 380 

Gly ais Val Aep Val Aarr GXy Tyr Tyr lie Pro Uya Gly Thr Arg I^u 
3d5 3^0 395 400 



Aan Val Aen Xle Trp Ala He Gly Arg Aap Pro Ser Val Trp Gly Asp 
405 410 415 

AfiA Fro A9n Glu Pho Acp Pro Glu 'Arg Phe Leu Tyr Gly Arg Asn Ala 
420 425 430 



Lys rie Asp Pro Arg Gly A3n Hid Phe Glu Leu lie Pro Phe Gly Ala 
435 440 445 
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atagatoaag otgtcctttt tcatcttstfc a^gaqaat^s^ aatttgaaga tgoaaateoa 102Q 

agga6^a1:ca tgca-ttotaa attaatagtt: astgatt&tia attttpattt a^titaaattt lOBO 

tgatttttgc agcttcsaaat tcatatttga ttttcaaeca eataaatatt taattat^ae :il40 

ttgtgttagg ceacaaatac csaaaagtctt attartttct: tttcfgaftatt gacsctttofca 1200 

tatctcGttc ccaatttgat cgatcgagct ctcgtaatet attgctactg tgtrtttttt 1260 

gttctggcta ^cgaagacag ai^tattctac gtaaaotcta tgtcaagtiqa aaccgtgcca 1320 

ejataaaataa aatgtaggga atiatagaiica attagtgtct aagtgtac&a ctatatatat 1380 

^ttalicstaag aatagat-tag atitaaaaaaa t;gbatt:tacc attgat-bgat: cactaci&-b1:t: .1440 

cagc^gaatta gtoaagaggli cagggtia^t batxaaaacat gca-taatgta tacatatcat 1^00 

gccgtggcca -ttgiiBCQa1;t at^gttataaa aggtatacat: taaata^aao ttgtatttat IS 60 

tttt^ataca tgtcagcaat gt^ttgaugt gtgaagtiicG ctggttctta ^a1;tcaat:c; 1620 

ttctgataat gttttisaacc ggccagadca cagcattaac tccattaa.tc ai:accaat:ta 1680 

tgaccatgga ateaga^-tct agtaaoaaca tacceggcta tattctacaa gtggggcctg 1740 

aggag^gtaa ggtatacgta aaccataca<t ^taaggtaga gaaattattt ctgaaagatic lOOO 

ctagactcac aegtiitcgaa aaaliaggt^tt aaaaaatac^ ta6ataaaaa aaaaataa1;a 1860 

aaataaagat ^oagataaag ataaacagag taaacaaaac aacaatggtia atiatacagac 1920 

aaaaagcaag ataaaaatag tatatiggaag aaaaatacaa atgctl;atat; gacagaagtc 19B0 

gctcgactac cttcsaaacgt tetacstctaa tecttgaoct eeatacsactc ctatctaagg 2040 

ttatgtccte gattatccga aagattgaat cttgaatdaa atfcatatata tacaagaatt 5100 

atttaactcc tgtattacaa gttetteitat ttcatcgaac aaapactttt ggttcatcaa 216Q 

gaatagtgqia al^atagatiaa aattatctat aaa^acttt;g gacgagggar t:at:ca^t;l;aa Z2Z0 

atgtaataag aaaaatgtcg atggtattgg aagtgcaaac aaagtcccac atcggtagtt 2260 

gaaaagtttg gaatccaa<ig tataaggtgt atgtatetct taatggtgfca agacatttta 234 0 

tgaaaactgt gttggcttag c<iaaa2igcga acaatatcac tccatttcaa gaatatcttg 24 OO 

gttgttttag tceagaaact g^tatcagag oaaatggttt agczLaaatga gtatgttgtg 24 60 

tagtgattgc gtggggcatg acttagcctt tacccttgac ttggagaggg cccggttaat 25^0 

gtcrttgctc atctacagcc agtutsattac ctttcesatgi; agctttaaag acgcacsacsag 2580 

aggtattcgg tligatgtggg bgacacaaaa taaatct<:5<:!a aataaaccca atagtiggtga 2640 
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atittaaaatc 


t:tagt:acggc atiggccaad: tagatcacti: gtt:Qat'tc:tc 


aaagaaa-btig 


xao 


otatgtccat 


tt:tgatcl:tc ttgatcactc aoatcaccat -tc^titcactrc 


t^^oacaaace 


240 


gUcHcaaaaa 


gottocacca gggcctagag getggccaat: cgtaggtgcA 


ctccctgtct 


300 


tgg^aa^cati 


gcctcatgtc iiocct:ote%a gaatggccaa aaagtatgga 


cccgticatgt 


360 


acctcaogat 


gggcaccaaa, aacatggttg tggeci;ctac taaagotgca 


gc-ttjgtgeat 


420 


tCCtcaaaac 


ccttgatcaa aacttctc<;a accsgoootcc aaatgcuggt: 


goaactcac::t 


460. 


-bagcttatga 


tccacaggac atgg1:gtttg cccactatgg ctctaggtgg 


aggttgctta 


S40 


ggaeactga^ 


caact-bgcac atgctgggtg gaaaggctct: cgatgattgg 


goacatgttc 


600 




gatga^^tac atgci:l^ggtt caatgtatw ti-tgtagcaaa 


aggggtgagg 


660 


ctgtggtggt 


ggctigagatg ttgpoatatg ctaliggccaa tatgattggt 


caagtgatat 


7ac 




-tgtgttcgag -Lcaaagggtt cggaatcaaa Qgagttcaag 


gacatggttg 


780 


ttgagetcat: 


gaccgt-tgcc gggtacttaa acattggaga ttttgtgcct: 


tttcttgcgt 


84*0 


ggtttigactt 


ffcaag^eata gagagtgaga tgaaggaott geataagaag 


tttgatgcgt 


900 


tgttgacaa^ 


gatgattgag gagcatgtgg ctfeetagatg tcacaaaggt; 


aaaggaaact 


960 


ai^gatttact 


agaoghtgto atggatoai:^ ctagcgaaag cagtgatgga 


gagagaotca 


1020 


cactcaccaa 


tgtcaaggca ctgctottga atcfct^tcac ageaggcact 


gatacatett 


1080 


cgagt^gtgatl 


agagtgggca ctagoggaga tgttgaaaaa t<scccacat:a 


acaaagagag 


1140 


ct:cat:gagga 


aatggaccaa gtcataggda aggatcgacg ectcaa^aa 


t:ct:gac9t;aa 


1200 


ggaaccfitco 


titacttgcaa gcliatttgca aagaggcatt gagaaagcac 


ccttcaaccc 


1260 


cattgaact^ 


gcotagagte tcatcacaac egtgccaagt gaatggctat 


-bacatcQCca 


1320 


a^aacactag 


9Gtgagtgi:g aaca-babggg Qcd-bt^ggaag agocccogag 


gtgcgggaga 


1580 


acccttgtga 


gttcaatcct gagag^tiita tgagtggaaa ^ggtgccaaa 


gt:t;gatac;aG 


1440 


atgggaatga 


titittgagctg attccgtttg gtgcstgggag aagggtgtgt 


gctgggacaa 


isoo 


ggaliggggat 


tgtgatggtt eagtacatat fcgggcacttt ggtgcactca 


tt^aatgga 


1560 


agctaccaaa 


tsrg^gtggtg gagttgaaca tggaagagac ctttgggctt 


gcctt:g<;aga 


1620 


aaaa^g-tgcsc 


acteteggct ttggttagcc ctaggtiigaa <3ccaagfcta-t 


•tatattcagt 


1680 


agagttgggt 


ttggtttggt tcaccaactc tgttcaaaca ttat^ctag 


ctatttaaaa 


i740 


alzizacaatad: 


atgctttaag gtitiatgtgad tatatattgc gcaaaocgcg 


cdaataataa 


18 GO 
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TTSA txxo At£> ©TI t^&W WBV «tV ^V^W «TV aqj; ft*«i :i.bw tit;© «to X«A 



Sa Oil S9T 

t«A T^A etV iMO -^TS ff^l sAd dsv ias AtO nent :^.«m 

09X SSI 091 ^ 

aAX BW TITO n-CD fi^cy T^A STB «TV <3t*4 nai e^l 

Ofrt «I 0€t 

A-CS >^T9 fi^TH ^191 «SV aeg ™i J^XV «»rt fi-^tV 

55t 031 ail 

3:es ATD JAj. ttjR svi t«A :V»Pa UTS MS <3cv aAl eiV s^H 

OtT fiOT ■ 001 

Tff-n? -^T9 «tV W«V «^*c[ B^rv us^ a»s oTia UTS <J«V tiai it^X 

« . 06 58 

.SA"I Tiai aXH «tV fixtf HIV ETV t?TV o^d ^^Wi «TV t^A TXA ^^M «W 

08 Si ^ ^ ^ . S9 

b/:-! JtCtX ^TD :^»W c^l Tn^l, ^^sw t«A At© ^IV :»aH 

09 S5 05 

fia:^ aas atix T»A sjh oaa i-sh jc^ AtO T«A o*a niefj ©to 

Stf Off ■ SG 

T^A »TI oia <l3Jt ATS Binf oaa atq o^a o^a WI sAn sAi s-jm Bxv usv 

s?: oz 

eqa ti©i »*VH ©TI ^cqi mt cth JCHX »TX ©TI ria^ «T1 

« OX si 

jces q.©M ^TV «TI tia^i eqa ne^C ^TH tl»1 «W «tV. 

LZ <O0V> 

ie7pouu»3( <EX2> 
AHd <ZIZ> 
CIS <tI2> 

i2 <ax^> 

« t!nee9«tr&9 ieiat9eee3^.o6 i&t).::^q^D6^64e 
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XL6 Ii«u Sor Arg Arg Val Flic QXxx Ser Iiys GXy Ssr GlU Ser Asn Glu 

195 200 205 

Phe IV3 Asp Met Vai Val Glu 3t«eu Met Tlxx Val IU.a Sly Tyr Phs Afin 

210 215 220 

He <31y A&p Ph© Vai Pro Pho Leu Ala Trp Phe Asp i^e^ Gin Gly iXo 

225 230 * 535 240 

Giu Axg Glu Met Lyd Ala I>au His X^ys Iiy^ Phs Asp Aid Leu Thr 

245 250 255. 



Ar^r Het lie Glu du HIh Val AI51 Ser Arg Cys His Itya Gly Lye Gly 
2eO 265 270 

Asn TPyr Asp l?h* Lew. Asp Val Val Met Asp, His s«3i: Ser Glu Ser 
275 2M 2BS 

Asp Gly Glu Ar^ Lou Thx lien Xlir Adn Val Ly$ ALa Leu Leu LdU Asn 
290 295 300 

Lot PhB Thr Al» Gly Xhi- Aap Thr Ser Ser Val lIq Glu Trp Ala 
305 • 310 315 320 

t»w Ala Slu Met L^u Lya A^n Pro Ula lie Thx Lys Ar« Ala Hi 9 Glu 
325 330 335 

Glu £9at Asp Glu Val He Gly I.ys Asp Arg Arg Leu Lys Glu Ser Asp 
340 345 330 

Lau ?U:g Asn Laii l>ro tpyr l^u Gin Ala llo Cya tys filu Aia Leu Arg 
355 360 365 

Lya flia Pro Sar Thr Pto Leu Aaa Leu Pro Arg Val Ser Ser Gin Pro 
370 376 380 



Cya Gin Val Asn Gly 5y& Tyr lie? Pro Lys Abu Ti^r Arg Leu Ser Val 
385 3d0 3^5 400 



Asn Xl« Trp Ala 11^ Sly Ai?g Asp Pxq Glu Val Trp Glu Aan Pro Cys 
405 410 415 



OZL '9m^&B^^5& wao^VfieB^:^ »^wq%^w^B M«qo9-^fi^ Sod^^-bdcqi^ 

- 099 Bmi^:^Q«^^v fic£aoq.q64^ :)£^:(£is:^M^ 5:^6o«Q&q.«i& &t[rtts>«es>raB «6«o£d:i.aa« 

QOa firaB'990e:(o q^o^^^s^;!:^^^ o«fifi£^6BTO ff^^-^o&^&^ iSBO«r«QSB:(i5 ;3Bl5:^t?a:}'44£ 

O^fi som9:^66o^ :^Doatoo:pi> ££o:^oowe« wo^^dno o«:^:;.i35qa£fi £69oa6:^e:»e 

fii»!|£:^5:)Q;| eD»f^»fi'^o oooBot^d^se z^c^^eBBddtt 'Ba^JS^^aa^e 

QZV &m^%:^vi^n£i 9>£i?i9l&m««& fir^c^ofietswd D:|&fisJ&:|.:|6o 4££:(55:^6:(v 

09^ £fie9o5oi^6 :|.96a%oad:^ ao^9&j5:|m« ::^B£:^:^q:)o ;d«mao97Bi6 «fil&«)&::^:^D:)B 

OOe . :^e£iaT9e5o« o^soTO&^TO «q.e££>n«v& c$«:^'e£:^Bq^;^ £««ov£p£:^ :;i«o£9£et»D:) 

;)«131»£b£«9 :i^o:^e££::|£fi :iTOeoee£4£ «€nq£)e:d^« ££o:i3.uq.B:^:> «4q.«5na9:(B 

081 • T^4B£:^o£.TOa :^B:t'e:|b!)£:^:^ «e:io££ooq;0 «e::»fiqoBo££ o:^ttfia£«^D:^ :iTOO.e:)a£M 

091 D:^££i5e&::k-d£ E&o-eea^o£6 ?£'B£B^;^iadd fifia£:)!:%m9£. ^BBrv^aa:^^. ofi£ qiedooea 

09 i^8:|:vB:|9Aa :^Bs:^^to^:|q. z^ei^^^er^TO;) is£«te«te;(:(a 7^9£o:|£^d£ ^r^fiss^^wG 

QZ <00P> 

PZ.CT <TTS> 
BZ <QXZ> 



OtC €Ofi 00$ 

»TX JCAI MS iBg 04ta «T|1 tVSTL £3V ^508 t^A M"I »tV ™S ^19*1 OX^ 

961* 06» 9ei^ 

t«A uxo n»fi -Btv ^to jrm nra ti^fl ra\r nsi nxB 

Ofi» S/.fr DL* 59^ 

t:»a t^A -^Ts «*v ora «»t: wto *v<i »tb t«a io©rL ai^L ^to 

ndi »T1 ^ai ute T^A f«A ©TI -^ra £:iV 'XMJi /EtD exv 

&:m AfS ^TE> ^Md ©ara ©TI atO o»v STH 

Oet 52^' 
dsv I^A «TV Ax£) sj«i '/Cx3 a«is ©Md £^ ^iT^ «sit ©qa ntS 
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gggatggagc t^cg^ctgtc attgWggtt cagaccctga attgacaaaa gagcg1:co»t: 780 

tgttcgagat get^^tctgct gctaaaaata tcttaccaga ctcggaggga gcaatcgaitg 840 

ggcactitgag ggaa^jtcggg ctMcatttc atctcctcaa agacgt^aect gggttgatct 300 

coaagaacat agagaaggcsa iitgacacaag ecttttctCc attaggtiata a^t^acrtgga 960 

aotcgatctt ttggatcgct Qatcctggtg gtccagctat: tctwaccaa gttgagotta 1020 

^gctcggtct caa^gaggag aagatgagag ccactagaca cgttcttagu gagtatgga^ 1060 

aisatg^caag tgctt^gtt- ttgttcsaitta tggatffaaat: gaggaagaaa tcggctgagg 1140 

aaggtgoagc cacaaceg^t gaagggctag attggggtgt: tttattcggg tl^cggtcct^ 1200 

gtttgacg^t- cgaaaccgtg gtcttt:ccaca gcctaaqaAC cactgt.at:cg gt-tgcaaatt. 1260 

aatttia^ttg catggttatg gatataagog tct:«tgttg gaacaattaa attnttacta 1320 

tttt-tgtttt. ctactaaata ajitgt^gtt tgcaMa««fli aaaaaaaaaa aaaa . 1374 

<210> 2Q 

<2tl> 398 

<212> fRT 

<2I3> e:hryvai>tti«m^ 

<400> 29 . 

»et: Ala Lau Thx Aap Xle Ala Ala ixe Arg Glu Ala Gin Arg Ala 
1 5 . 10 15 

Gin (Sly Pro Ala Thaer llo Leu Ala He Gly Thr Ala Thr Pro Ala Aan 
20 25 30 

Cy3 Val Tyr Glifl Ala Asp Tyt Pkq Aap Tyr Tya? Ph» Arg ri« *Phr Ly* 
35 40 45 

Ser 6lu aid Met Val Asp Leu Lys 61u Lys Phe Lys Axg Htot Cys Asjp 
50 55 60 

Lys Ser Meit lie Arg Lys Arg Tyr Met His Leu Thx Glu <ylu Tyr Leu " 
65 .70 75 80 

Lys Glu Aan Pz)o A8& Leu Cys Glu Tyx Met Ala Pro Ser Leu A5p Ala 

aa ^ 90 95 

Arg Gin Asp Val Val Val Val Glu Val Pro Ly€ Leu Gly Lys €lu AJLa 
100 lOS 110 



nxS) HOT X'^A ^TH atUi ^TV ^^'^ ^s*H "TO ^T£> ^-^T ^TS 



OSE STG ,0T€ S0€ 

ttSHi isAn Ml tttO T«A uxa noT: eti ^TVf oJfa Ax9 -^TS) ojra STB «"ni 



ooe S6g 06? 

«XI OTX ^ac^S dflrv 9X1 ^TO '^"t O^a xas «qa exv 

59? Q2Z ^LZ 

T^XO JCUJ. BXV ^-'^T 'f^tS) »TI &XX T^a dffV 

0^.7 S9e osz 

Si^i ft*"! Ti^i SfH *Ma -^tS t»A ^TQ Bjv nei sjH ^TO »TX 

05Z 

«xv «^T& ^©s <i^?tir o^a wi ^xi jmi ^to »t« «Ttf ^»sr exi aw nis 

ofr? S€5 oez: • szz 

©Tfa rial oitA ^19 s^T ^m. ™1 OZId dsv jos xxo toa t«a 

OZZ St? OTS 

VXH t>TV BXV i^XS Axa oqa «^ »tV TITO t«A tt»n ^^fi 

B-pH ds\: usw ojcd i^T9 dqa Jrqji X«A i^XV ^S, »TI "19 

061 S8t 081 

T«A X^A xeA fiJiY dsv sAfT u*v tis\f tlXO tl«"l ds^f eAi bxw 

Si-X OLT S9T 

n»-I 6^ X^A aqjt J^TQ ^TO »XV ©ua ^TD tixs tiXO %^P^ =1®W 

odt MX OST ejx 

»Va fi^i TEA MS <3J^d BitV Ml Axo tia»i Tie<I SAl atlX ^XO -"Al 

05^T sex OCT 

de^ T8XV -^XO o^d "Ssv t«A AxH)* ^^S -itlJi .^^0 ftUd ^xi no*i enpH 

ffSX OZX STX 

^Xl 9^1 3e9S sAi nx5> AXS dax tiXD ©XI «XV SAl «XV 
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Tyr Giy A&ti Met Sex Sar Ala Cys Val lieu Plte He Met A»p Glu Met 
340 345 350 

ATS liy* Ly» Ser Ala Glu Glu Gly Ala Ala Thr Thr Gly Glu Gly Leu 
355 360 . . 365 

Asp Trp Gly Val lieu ?he Gly Phe GLy Pro Gly Leu Thr Val .Glu Thr 
37*0 375 360 

Val V«il Leu His Ser ieu Pro Thr Thr Vel Ser Val Ala ASh 
3B5 390 395 

<210> 30 

<ail> 2979 

.<212> DNA 

•<213> chxy^MtheikKm 

. <220> 

<221>' m±ac_featar6 

<222> U051} (2051} 

<223> 2i " any nuoleotlda 

<400> 30 

ttttaacgcg c&ttagcatc act^^aggga caaaagcitg^ a^ctccccgc ggtggcggcG 60 
gctetgaact agtggatooc ccgggctgca .ggaattcgat tggatgacto: gaacagctat . 120 

ggccatgatt aettagtacc ^Cdtgtaact gagacttgca atggacaagt acttattatc l$Q 

ctaeaaccta acttcttt^t tgtgtttaag tcaaaaaagt tatgcgtgcg gccagaatcc -240 

ataaaaatgt gtagpatttQF fcttcaawca tgCectttaa cccgtatagt gttatgagtt 300 

gg-taatcoag acaatacatt aa^agatata tt^ggtatgc attgttgtgt atcatctccQ 360 

acacatgctc agttatgtca gtatcaoaat otccetcttc caaac&caat ti^taattctc 420 

crttccttctc Atctctaato tctaaagtaa acatttigacc ttcacactta tgaccargca -480 

tatacttctt atcacgataa aaacatagat tcttagccct crtifcttoagca fcacsttttttfe 540 

tacttaafcta ctttctaggfc gtaggcatgg tgtttgaaaa ctgtttggtt accaactgaCT ^00 

ttgtaggcaa a^rctaaaat^ tttgaaatat tttttagtag gacaagtcac attcctgttt €60 

aeattccaat tartattgta crttaggagta ggcaacaatg ag«Lcactttt tttc:ttaaca 720 

actg<:ttagcc tagcttcttc catcttagec caaoaataga catc»tttaa actagttg^t 760 

ttaaacatgc taaccagcat aactatttcg tc^ttcaatc cacca^itata caaactaata fi40 



OS^Z '?6e54«^A<B fivo-e^o^wd t^fii^v^^i^^qi^^tt a9:^Q«^:^«» 

QZ^Z Bv^'^wf^'^^^«^ q.^oJMap^"^e4 b«poii.5&5:> «:»^o6»o:^c 

QSTfZ wm6ATfZ^m oB^or^u^BBqr «fiE:*;jA3,ipeB £i:(fi9TO9oa:| 

OQVZ ito^fio6'9B-BB fi^«:%oa946i& ^ti!iB:vq.B:^6^ ««£io:^««q.;| ^e:^aa«^6 

O^tZ ;paa:^q.^w:*B ^iQ&&^wwai vu:vow^mo :i«:viB\»4t?:|.& «ooq.iBfi:itt:v 

0822 fi^BOQ^oftM 546:1:^:^0:^6^ q.:^o4^:v^:^B« iHB:^fiwo^:|. tfjfiM6:^:^q:io 

QZZZ ett6^q.:ti^wa &E^^:^•e:^^QB o:|HEe«eq:^P 66:»«»»i9^!^ «iB£«fiev«:i:( 

09 tZ OTX^ee^q.^^ OTeqq.efiq.a« TOee£>o:j»P'3- i&B«ofi»fiB5w J&oti^i^ohBtc TO«t>^»B:^:iq£ 

OOZZ fi:»fi:*weDxefi q.ai9MB^=l.M ©BeB^TOBo *^TO«»£qx>e 

O^O? i^:^wBettO»D w:i:j3«i?BT^. :;.^B«e:^•tf»o:^ w:>TOOe*4-:v oeJj!»»«^52^» 

066 1 e?q^B:»fi4^B 9Bim.e9doe:| :i©uo^d64«fB ^MwB^fiqtq. BB^w:tqB«ft 

05^61 6:iF«4eoe«:4. Et^weB^oisB q-wBeeoTOC^B :^Bwi»BBooe «itBBB£>*«fi« 

038T iE£D:iwB:iafiB :^6w:iBtii^ti 6^e:^:^p^«pB^ o^fB::^^«Bb:* BiiB6q.M»OE BBi?^%e6&ti44 

008T q-BBocnB^o ^ett^^^t-^^MB ,BoeeeT»B:v^i bBto:^^:^^^ w^;^oi&^^oo 6^:^o^^A;^P 

CPLX BoooBwd:*:^-^ o^oq^eBOo-eB ooieBoqTOOO z^tvoaq-BBD^B tina^qfq4r>»Bo OldBdqBqBBq. 

08dt BTOTOoqoqB aqsoi^Boqoa :aKBoo^TO;io B^qS^M^qt^ ^Bq-B^B^q-wB ao«BaeBi9B« 

0291 HBs^iwBaq^e B^:^q.Bqfl!^ qB^B^Bp^qe W&«i»«Bot« wmb-bBw** T?««B:t:iB»P 

0951 oD«BTtfiB?>aB ex>eooB:iaBB •eoosBoHBq.T? BosofeB^wo oqi^qDqBq.^q pBi^aq^^^oa 

COST Bq:;^JoeBowo ^-BOoawBaBO q5«BBf56M:i oBBe^qooq.:^ fiBa'Bi^e:^q;|q ^q.:qq5J«q.q.q.:v 
■ OP PI o«q.4BB6BBq. qB^BBoEBe© fifi::^qMBBq ^aaDwqfifiBa q^^lBBawtffi BDDBa^qBM 
08CT osip-iaMeqq oqieoeqo^q. qBBHssfCiBBBB wqBBcqqoaB 4o:»oilOt>Beo BBsBfiMBBfi 
OZ€I inBB^q.q5aoB q«:^aqx>QqBfi «BBoo5J&TC^ BOBq.oooqM o:is>»:»«B»aq BBBBeot>fi6H 
09ST fi«Baoe«oq.o ^aaBi^i^OTCw? eet3eB6:|.q6T2 aqeBBq-^BBB eqB<«qoB6e wqooqqwTOB 
0021 q.H:j.p«POi5q^ «q»qee6Mt> eOB;^BBTOqp. •q^DDTOoeosi ^^n^BieTOe Bq^wcqoea:! 
OtTI «t?:^TOi?«:»o^ 9i»i»Bieiss^^« b^'e-ev^OTto:\ mWOT&^XIX'et oeeBe»B:»ip^ DqiSB^vas^*^ ' 
0501 i;opB«e©«5« B^q«aB:iB=>e o^©BoqBqt^^ oBBfiBpqqBia qa^^^MOB:^ MBP^waM 
QZQ1 qqoqBqBooo c:^qq«eoe-eq 6BB=i»q^q.B aeqeoqqqM BqBq^&:i3Pq q.:iq,DO«fitBD:i 
096 B^BqoBfiwB q^qo;j^B&»q itt^a^^qqeB 5>qq;iu;^t90»B q0^)5qq:vBeI^ dB^BroraB^^ 
006 opB^B^BBw o^B^fits'^BO :^qoBTO»qBT? oqq*:tqoo» oq.q«TOqoBO qqeBBfiqeo^ 
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aaggccttn gaaaaattta at:oaaedgi;t acctaatggt agattga-bat gMaeaaaaa 2^40 

etirctggtgt atgcagctgg ncgatgacac tcaaatccgt: aaccgaageg trttaagaatt 2700 

atcgt^ttca cagt:catatic tt;aaggt.tiaa aactttaaac gaaa-tcgaac -kaaaetccta . 276a 

acagakatcg aagctcaati: gtigiiaatgtt tttcaatggt ccacaae^tg goatctatiga 2820 

ccatcgttcg taaa&Qttgg gtac;gi:cata- cctnaccacac gttccc^cta tatiaagaaae 28Q0 

actcatteae ctaatigtcta coatcacttg cacttctcta cttacaaa^a ticatatacat 2940 

tttcgttcac cgatattaaa cacccwitggc ttccttaae 297d 

<Z10> 31 
<2%1> 1778 

<213> la'Tmdula 

<400> 31 

Gtagtataaa t-(:tt:^i:aiata g^aggmtgo aaaa'tcaaga atcta-tcrbtc: gtganagcta €0 

gagagctqao tatag^agccs tcaatetact ttctoabccg etaetntctit: tcaagaal^ca 120 

tcaocaccsat i:a«ocaoggc ggoagccaec gacstgccgcc agggccgagg ggcttlsccga ■ 180 

ttgtcgdt^c acst-kcctcre t-bgggpgaca tgccacatgt ogccct^gcc aaaatggoca 240 

aaactrtacgg cccciatcato 1:acetaaaag tcggtgcatg gggcatggcc gtcgcgtcaa 300 

cg<?ot:geetc cgcccgtgeg t^tctcaaaa ccctagaeac caacttet^ gaocgccctc 360 

cgaatgcggg tgceaccata ttagcctaca aegcggaaga teafcggt:gttc gcccgctatg 420 

gcccaaagtg gagai:rgct& agMaaebga ooaatsotoca oatgttgggg aarca-tg^tt 480 

t:agatgggt:g ggcaagtgta aggtcctccg agttgggcta tTatgctacat gc:aaggcacg 540 

aegccacccg tca-tggcgag cccgtggtgo l:gccagagat gptcatgtac ^ccgcgggga 600 

atatgcrt^jgg gcaggtgata t.baagfcagae ggatiiittega gaagaaaggg a.aggaggtga 660 

at;gagt.tgaa agatatggtg gtggagctca tgaciitcagc t^gatatttc aatattggtg 720 

atttcatcce aiiggci:tgct;. tggatggatt tgoaggggat agagagtggg atigaagaaal: 780 

tgcsQaataa gttcgacaag ntg^tcggca aaa'tgattga ggatcat'ttg aaatcaggcc 840 

a&atacgcaa ggccaagccg gatcttcttg attgQ&tcn-i: ggcaaategt ^tagctccg * 900 
atgeggagaa gctfiacsctca. aceaacgtca aggcocthiit:' acstgaacttg titcaccgcag 

ggaeegaeaa gt.oatioaaga aisaatagaat g^gca'ttggc cgagal^gato aagaatecaa 1020 

cca^cc;taaa tagggcccac caagagatgg atagagtogt tggtagaact cgaaggttgg 1080 



96 06 $8 

«TC a»fi «IV oxa atu aog Piv aw :^©K ^TO «5TV 4^TS TVA 8^1 

08 QL OL ' €9 

n©i oTi «Ti oaa ^xD j^ma s^a «tv wsq flf^i ctv 15-nr x'^a 

09 &S OS 

STH oa^ :^©K dev AtO tioq oJCa ti«*I "BTO ^T£> T»A ail oara atia Xt3 

Bav 03ca oa^ oaa no^ tov «th :r*S ^TS -^TO STH ^HJi 'TI a-qt 

0€ « OS 

an an ^©s Ml JT^x fiw ©Ti ^©a ^tt *»s »tv 

$T SI 
©TI xiiJi Tl©a ftt9 fijrv -^IV ©tl "C»A ©TI ^^TQ "T& wv xix^ q.©H 

©ttip««AwT <SXC> 
<2T?> 
02S <IXC> 

8/.Z.t i*«He«Pe© ees^^^nvq.:^ vivo^vJ&^e^^ vi^a'B:^^:)^:^^ 

O^LX X\'^^tit^%^^ ©o*:»«>^opo o«!^:U6i2:ios »5o!;^»!iii^q.Bf * :^«4«:^Bp^o ^Bit^^v:^^^ 
0B9T B:>:i«:^3:twis ^4^:>6oBaw ^«ssfi:|BooOT ooi9t^t^^B:>o wterivi^i^Pti 

029 X e:^:v^©:vQ9^ c»:U5E>«^'e:|:%:V «o«:^^:tc»:|:^ :^'r«:^:vpo:^o& :).©q.^^:^TO9 a:^o^6qi06i& 
OdSX s:)^^:^^)^-:^ 5^b9p6&o«d ^-)99fi:^^9 A^isiafiecifi^a £Dfi6qx>^i^J>:i :^:^:^dBaav 
005X fb^^^mh-^i^ tofiCoAfion fifi99X>Mtoo 5Bfi&aafito9 An^smfifiS^e 'e5oq.:).^9509 
Ol^ri 9&^6&^q^v Q£jac:^^!iq.eqL «:)£^fiifi:)fi^:^ t>5!)i&fi^tt6fi5 6:^©6fiooatfifi ££oofiDfi::^3^ 
08£T «£fi©BBa££6 :)7£J&5J&o:^45 oso4to:»oJ&9 .fto:^:^<d^©? fiMoteooo^ sJ&:;^©5B^Bi» 
J^^BBoeSBfi B£>^©:^q.9:^v Btf:>«B9909? RP^^a^B^:^^ :}C^D4ece?BB B:|Ba&oeBoa 
03 3X 90«BeBeBJ)^ o:(v:).oBBB:(« :fB£ne3gr4:^Bs& eo:iaBB:3OD0 peevevuse ^i5DBq.a&q.BB 
Oa^t BoeB4:(BotW5 nB^^asBsBo o^oi^damB O990B:)o:t99. 9:^as3i?vo oa^oawcvBe 
O^XI «o£oae:ie9©* eeBeen^Btt^^ ^eaoBvBoea oaeMoocno octBood^vo vBBoaeeB^a 
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lao las . 190 
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290 296 300 . . 

Leu LTO Asn Leu Phe Thr Ala Gly Thr Aap Thr Sox Ser Ser lie lie 
305 310 315 • 320 

Glu Trp Ala, Leu Ala Glu Hat lie Lya Asn Pro Thr He Leu Aro Arg 
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